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FOREWORD 


The  specific  laboratory  diagnosis  of  Infectious  diseases  has  been 
substantially  enriched  during  the  past  10  years  by  new  research  methods. 
In  this  connection  it'  has  become  necessary  to  publish  a  handbook  of  mod¬ 
ern  microbiological  and  serological  diagnostic  methods  suitable  for 
king  laboratories. 

The  publication  of  such  a  handbook  has  been  made  possible  by  the 
participation  of  a  group  of  authors  recruited  for  this  purpose. 

In  preparing  this  volume  we  have  attempt®*  to  describe  both  the 
methods  commonly  employed  and  those  used  for  rapid  diagnosis  and  for 
detecting  pathogenic  microorganisms  in  the  environment .J  It  should,  how¬ 
ever,  be  noted  that  procedures  of  the  latter  type  have  not  yet  been 
fully  worked  out. 

ThW  handbook  Is  Intended  fur  medical  microbiologists  working  in 
clinical  laboratories,  sanitary -epidemiological  stations,  and  other  in¬ 


stitutions  concerned  with  the  laboratory  diagnosis  of  infectious  disea¬ 
ses.  it^Srflll  also  be  of  interest  to  epidemiologists  and  specialists  in 
Infect lous\diseases . 


We  hope  that  this  volume  will  aid  medical  personnel  in  more  suc¬ 
cessfully  accomplishing  the  tasks  set  by  the  22nd  Congress  of  the  CPSU 
regarding  tte  prevention  of  infectious  diseases  in  the  Soviet  Union. 

Bearing  in  mind  the  responsibility  and  labor  involved  in  preparing 
a  handbook  for  publication,  we  will  gratefully  receive  any  criticisms 
or  advice  and  will  make  use  of  them  in  our  subsequent  work. 
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The  editors 


GENERAL  RESEARCH  METHODS 


VARIATIONS  OP  THE  LIGHT  MICROSCOPE 
M.A.  Prshkov 


MECHANICAL  PORTION  OF  THE  MICROSCOPE 

The  mechanical  portion  of  a  modern  light  microscope  consists  of  a 
massive  horseshoe -shaped  foot  (Fig.  l)  equipped  with  a  bracket  bearing 
t.  micromechanism  housing. 


Fig.  1.  General  view  of  the  MBI-3  biological  microscope.  1 )  Foot  or  shoe 
2)  housing  and  micromechanism;  3)  object  stage;  4)  tube  support;  3)  bi¬ 
nocular  headpiece;  6)  nosepiece  revolving  on  slides;  7)  condenser  brack 
et;  8)  analytic  condenser  for  direct  and  indirect  illumination;  9)  ob¬ 
jectives;  10)  eyepieces;  11)  micromechanism  knob:  12)  knob  for  longi¬ 
tudinal  movement  of  slide  holder;  13)  nearer;  14)  knob  and  gear  for 
coarse  adjustment  (f  tube;  15)  block  for  attachment  of  nosepiece,  with 
locating  socket  for  replacing  tube;  16)  screw  holding  binocular  head- 
piece;  17)  screw  holding  tube  in  proper  position;  18)  knob  for  trans¬ 
verse  movement  of  slide  holder;  19)  stage  centering  screws;  20)  head  of 
screw  holding  rotating  portion  of  stage. 


This  housing  has  a  bracket  for  the  condenser  on  one  side  and  a 
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bracket  for  the  tube  support  on  the  other.  A  special  bracket  on  Its  up¬ 
per  side  holds  the  rotating  centering  stage. 

The  lower  portion  of  the  arched  tube  support  has  a  rack  and  pinion 
with  two  knobs,  the  so-called  macroscrew,  which  Is  used  for  coarse  ad¬ 
justment  of  the  tube.  The  lower  side  of  the  upper  portion  bears  a  block 
for  attachment  of  the  noseplece,  while  Its  upper  side  has  a  special  lo¬ 
cating  socket  for  attachment  of  the  replaceable  tubes,  a  binocular  head- 
piece  for  visual  examination  and  a  straight  monocular  tube  for  photo¬ 
graphic  work  (Pig.  2). 

The  microscope  stage  bears  a  device  for  two-dimensional  movement 
of  the  object.  The  distance  through  which  the  object  has  been  moved  In 
one  direction  or  the  other  can  be  determined  from  the  scales,  which 
have  verniers  reading  to  0.1  mm. 


Pig.  2.  Vertical  head- 
piece  with  telescoping 
tube  for  MBI-3  micro¬ 
scope.  The  arrow  points 
to  the  conically -ground 
annular  flange,  which  Is 
used  to  fasten  the  tube 
into  the  tube -support 
head. 


The  upper  portion  of  the  object  stage 
can  be  turned  after  loosening  a  special  screw. 

The  condenser-sleeve  bracket  is  mounted 
on  the  micromechanism  housing  and  can  be 
moved  along  It  with  a  rack  and  pinion. 

The  nearer  yoke  is  attached  to  the  micro- 
mechanism  housing  below  the  condenser  sleeve. 

The  noseplece  has  sockets  for  mounting 
the  objectives.  Rotating  it  switches  objec¬ 
tives. 

OPTICAL  PORTIONS  OP  THE  MICROSCOPE 
Abbe  Illuminating  System 

This  device  consists  of  a  nearer,  a  ro¬ 
tating  Iris  diaphragm,  and  a  crnder.aer  com¬ 
posed  of  several  lenses. 
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Mirror  (see  Fig.  1,  13).  The  mirror  housing  Is  mounted  in  a  rotat¬ 
ing  semicircular  yoke,  whose  pin  is  inserted  into  a  special  housing  be¬ 
low  the  condenser  sleeve,  and  carries  two  silvered  mirrors,  one  plane 
and  the  other  concave. 

Both  mirrors  are  silvered  internally,  so  that  a  point  light  source 
produces  numerous  reflections  from  the  glass  and  silver  surfaces,  which 
make  it  difficult  for  an  inexperienced  microscopist  to  adjust  the  light 
and  lead  to  light  losses.  The  mirror  can  be  turned  in  two  mutually  per¬ 
pendicular  directions. 

Condenser  (Fig.  3).  The  condenser  consists  of  several  lenses  mount - 
o"  in  a  metallic  housing,  which  Is  fastened  into  a  socket  in  the  conden¬ 
ser  holder  by  a  special  screw.  The  housing  consists  of  two  detachable 
halves:  one  is  conical  and  contains  one  or  more  short -focus  lenses, 
while  the  other  is  cylindrical  and  carries  a  single  long-focus  lens. 

Between  the  mirror  and  the  condenser  is  the  iris  diaphragm,  the 
so-called  aperture  diaphragm,  since  the  extent  to  which  it  is  opened 
regulates  the  aperture  (effective  opening)  of  the  condenser,  which 
should  always  be  somewhat  less  than  that  of  the  objective  used.  Figure 
3  shows  the  01-14  analytic  condenser  of  a  MB I -3  microscope,  which  is 
equipped  with  a  replaceable  optical  system  for  apertures  of  1.4  and  0.4. 

The  01-14  analytic  condenser  is  quite  convenient,  since  it  rotates 
about  its  vertical  (optical)  axis  in  its  sleeve.  The  diaphragm  stage 
also  rotates.  The  diaphragm  can  be  moved  away  from  the  optical  axis 
with  the  knob  4,  which  achieves  the  effect  of  indirect  illumination. 

Objectives.  The  objectives  are  a  system  of  mutually  centered  len¬ 
ses  which  produce  an  accurate  image  of  the  object. 

There  are  two  types  of  objectives,  achromatic  and  apochromatic. 
Apochromatic  lenses  are  distinguished  by  the  fact  that  residual  chroma¬ 
tism  is  more  completely  eliminated  and  that  they  achieve  a  more  uniform 
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Image  definition  and  size  In  light  of  varying  wavelength.  Apochromats 
are  used  exclusively  with  specially  computed  compensating  eyepieces, 
which  eliminate  the  remaining  defects  of  the  objective.  Powerful  achro¬ 
matic  objectives  are  also  employed  In  combination  with  compensating  eye¬ 
pieces.  Huygens  eyepieces  are  used  In  working  with  weak  achromatic  ob¬ 
jectives. 


Fig.  3-  01-14  analytic  condenser  with  aperture  of  1.4.  l)  Twin-lens 
condenser  with  aperture  of  1.4;  2)  detachable  single-lens  condenser 
with  aperture  of  0.4;  3)  rotating  condenser  sleeve;  4)  rotating  iris- 
diaphragm  stage;  5)  diaphragm  lever;  6)  geared  knob  for  shifting  dia¬ 
phragm  to  obtain  indirect  illumination. 


Regardless  of  whether  it  is  achromatic  or  apcchromatic,  each  ob¬ 
jective  is  characterized  by  its  magnification,  focal  length,  numerical 
aperture,  and  certain  other  constants. 

The  true  magnification  depends  on  the  anterior  focal  length  of  the 
objective.  Using  focal  length  as  a  basis,  objectives  are  classified  as 
powerful  (with  focal  lengths  f  «  1.5-3  mm),  moderately  powerful  (f  =  3- 
5  mm),  medium  (f  *  5-12  mm),  weak  (f  ■»  12-25  mm),  and  very  weak  (f  > 

>  25  mm). 

The  focal  lengths  of  foreign  apochromatic  objectives,  which  is 
customarily  used  to  distinguish  them,  is  engraved  on  the  housing.  The 
focal  length  is  not  indicated  on  Soviet  objectives.  The  true  magnifi¬ 
cation,  numerical  aperture,  and  occasionally  the  cover-glass  thickness 
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for  which  the  objective  is  Intended  are  indicated  on  the  housings  of 
both  achromats  and  apochromats. 


The  numerical  aperture  of  objectives  and  condensers  is  determined 
by  multiplying  the  sign  of  half  the  aperture  angle  at  which  the  entrance 
pupils  of  the  objective  and  the  front  lens  of  the  condenser  "see"  the 
object  by  the  index  of  refraction  of  the  medium  between  these  two  opti¬ 
cal  systems.  If  the  medium  consists  of  layers  of  air  alternating  with 
the  glass  slide  bearing  the  object,  the  aperture  of  the  "dry"  system 
almost  never  exceeds  0.95,  since  the  index  of  refraction  of  air  is  one. 
I:-  order  to  increase  the  aperture,  the  objective  and  condenser  are  im¬ 
mersed  In  a  medium  whose  index  of  refraction  is  greater  than  that  of 
air  (water,  glycerine,  or  immersion  oil).  Achromatic  immersion  objec¬ 
tives  have  been  made  with  various  focal  lengths,  which  were  formerly 
expressed  in  inches  (e.g. ,  1/7  or  l/l2inch).  Apochromatic  immersion  ob¬ 
jectives  have  focal  lengths,  expressed  in  millimeters,  of  3,  2,  and 
1.5  mm;  their  true  magnifications  are  60,  90,  and  120  respectively.  On¬ 
ly  the  true  magnification  and  numerical  aperture  are  indicated  on  Sov¬ 
iet-produced  objectives. 

Soviet  apochromatic  objectives  also  bear  the  letters  "apokhr. " 

Both  achromats  and  apochromats  are  fabricated  as  planochromats, 
which  yield  a  flat  image  field. 

Eyepieces  (see  Fig.  1,  10).  The  terra  eyepiece  refers  to  the  opti¬ 
cal  magnifying  system  through  which  the  image  of  the  object  formed  by 
the  objective  is  viewed;  Just  as  when  any  object  Is  observed  visually  or 
through  a  magnifying  glass,  an  enlarged  virtual  image  is  obtained. 

PATH  OF  LIGHT  RAYS  IN  THE  MICROSCOPE 

The  light  rays  emitted  by  the  light  source  (the  sky,  sunlit  clouds, 
an  illuminating  lamp)  and  reflected  by  the  microscope  mirror,  are  di¬ 
rected  to  the  condenser,  where  they  are  collected  at  its  focus,  produc- 
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Pig.  4.  Diagram  of  the  path  of  light  rays  in  a  compound  microscope,  l) 
Exit  pupil  of  microscope  and  entrance  pupil  of  eye;  2)  retinal  image, 
erect  and  unreversed  (virtual  or  final  image);  3)  diaphragm;  4)  eye¬ 
piece;  5)  first  primary  focus  of  eye  lens;  6)  optical  length  of  tube 
(distance  x'  in  equations);  7)  second  conjugate  focus  of  objective, 
primary  image  reversed  and  inverted;  8)  posterior  focal  plane  of  objec¬ 
tive;  9)  focal  length;  10)  objective;  11)  principal  planes;  12)  object 
field,  object  erect  and  unreversed  (first  conjugate  focus  of  objective) 
13)  anterior  principal  focus  of  objective;  14)  working  distance;  15) 
final  virtual  image,  reversed  and  inverted  (field  of  view);  16)  mirror. 


lng  a  real,  greatly  reduced  image  of  the  source.  When  the  height  of  the 
condenser  is  correctly  adjusted  with  the  rack,  this  real  image  should 
fall  in  the  object  plane.  Since  slides  vary  in  thickness,  the  conden¬ 
ser  should  always  be  raised  or  lowered  when  a  specimen  is  examined,  so 
that  the  coincidence  of  the  condenser  focus  and  the  upper  surface  of 
the  slide  bearing  the  object  (the  object  plane)  is  not  disrupted.  The 
light  rays  collected  by  the  condenser  strike  the  specimen  (object)  in 
the  form  of  a  cone,  whose  apex  faces  the  object  and  coincides  with  the 
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condenser  focus.  After  passing  through  the  specimen,  the  rays  again  di¬ 
verge  to  form  a  cone  geometrically  similar  to  the  initial  cone,  but 
with  its  base  facing  the  objective  (Pig.  4). 

The  objective,  focused  on  the  object  illuminated  by  the  image  of 
the  light  source,  forms  a  real  image  of  the  source  in  its  posterior 
focal  plane  (which  usually  coincides  with  or  lies  quite  near  its  poster 
ior  lens)  and  a  real  image  of  the  object  in  the  upper  portion  of  the 
tube,  at  the  level  of  the  eyepiece  diaphragm,  which  lies  in  the  first 
focal  plane  of  its  eye  lens.  The  distance  to  the  second  (posterior)  fo¬ 
cal  plane  of  the  eyepiece  is  known  as  the  optical  length  of  the  tube. 

During  visual  examination  of  the  microscopic  picture  the  eyepiece 
converts  the  convergent  rays  into  parallel  or  nearly  parallel  bundles, 
which  enter  the  eye  through  the  pupil.  The  optical  media  of  the  eye 
(corneal  membrane,  crystalline  lens,  and  vitreous  humor)  refract  the 
parallel  bundles  leaving  the  exit  pupil  of  the  eyepiece  and  form  a  mag¬ 
nified  image  of  the  object  on  the  retina  (the  retinal  image),  which  is 
perceived  by  the  brain  as  the  microscopic  picture;  the  eye  is  thus  an 
extension  of  the  microscope's  optical  system.  As  has  already  been  point 
ed  out,  the  microscopic  pattern  seen  by  the  eye  is  a  virtual  image  and 
is  analogous  to  that  seen  through  a  magnifying  glass.  The  object  seen 
in  the  microscope  lies  in  the  same  direction  with  respect  to  the  obser¬ 
ver  as  the  real  object  represented  by  the  rays  which  form  its  image  on 
the  retina.  The  distance  which  appears  to  separate  the  real  image  of 
the  object  from  the  observer's  eye  is  25  cm,  which  corresponds  to  the 
distance  at  which  the  normal  unaided  eye  reads  printed  text. 

In  microscopic  work  we  distinguish  the  object  field  and  the  visual 
field.  The  object  field  is  the  surface  area  of  the  slide  bearing  the 
specimen  whose  real  image  can  be  formed  in  the  plane  of  the  ocular  dia¬ 
phragm.  It  is  constant  in  size  for  a  given  objective.  The  true  size  of 


the  object  field  oan  be  determined  by  the  following  method.  With  the 
specimen  properly  Illuminated  and  the  microscope  focused,  the  eyepiece 
or  the  entire  tube  Is  removed  and  a  ground  glass  Is  placed  In  the  usual 
plane  of  the  ocular  diaphragm.  An  Image  of  the  object  field  Is  then 
formed  on  the  ground  glass.  When  the  specimen  Is  properly  Illuminated 
It  Is  seen  that  the  object  field  Is  larger  in  diameter  than  the  ocular 
diaphragm.  While  the  size  of  the  object  field  Is  constant  for  a  given 
objective,  the  area  visible  through  the  eyepiece  depends  on  the  diame¬ 
ter  of  Its  diaphragm.  With  a  given  objective,  the  object  field  decreases 
In  size  as  the  eyepiece  becomes  more  powerful. 

The  visual  field  Is  the  Illuminated  circle  which  we  see  when  we 
look  into  the  microscope.  It  Is  bounded  by  the  ocular  diaphragm  and 
lies  In  the  plane  of  the  object  field.  The  visual  field  is  usually  con¬ 
vex,  so  that  it  is  impossible  to  focus  simultaneously  on  its  center  and 
Its  periphery;  this  can  be  corrected  for  photographic  purposes  only  by 
using  special  negative  lenses  (homals).  The  curvature  cf  the  visual 
field  is  unimportant  in  visual  observation,  since  the  observer  corrects 
it  by  adjusting  the  micrometer  screw. 

ILLUMINATION  OF  THE  SPECIMEN  IN  THE  MICROSCOPE 

All  microscopes  are  designed  for  illumination  with  parallel  rays. 
The  most  suitable  source  of  such  rays  is  light  from  a  cloudy  sky,  but 
its  intensity  is  quite  inadequate  for  working  at  high  magnifications, 
of  the  order  of  2000-3000  times. 

Correct  use  of  the  intense  sources  of  artificial  light  employed 
for  microscope  illumination  has  enabled  us  to  achieve  high  magnifica¬ 
tions  (up  to  5000  times)  without  loss  of  image  definition. 

The  classical  method  of  illuminating  an  object  under  the  micro¬ 
scope  was  developed  by  Keller  in  1898  (Fig.  5).  in  view  of  the  impor¬ 
tance  of  this  technique  in  fine  cytological  work,  we  will  discuss  below 
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Fig.  5*  Diagram  of  the  path  of  light  rays  during  illumination  of  a 
specimen  by  Keller's  method  in  a  compound  microscope.  1)  Lamp  filament; 
2;  collector;  3)  field  diaphragm;  4)  image  of  lamp  filament  in  plane  of 
aperture  diaphragm;  5)  aperture  diaphragm;  6)  condenser;  7)  image  of 
edges  of  field  diaphragm  in  specimen  plane. 

the  method  of  obtaining  such  precision  illumination.  As  has  already 
bfen  pointed  out,  electric  light  is  now  used  almost  exclusively  for  mi¬ 
croscope  illumination,  a  low-voltage  bulb  with  a  thick  filament  usually 
serving  as  the  source. The  light  must  be  high  in  intensity,  but  the  area 
of  the  filament  must  be  small,  so  that  the  source  approximates  a  point. 

All  microscope  lamps  must  have  a  collector  lens,  which  makes  it 
possible  to  focus  the  image  of  the  incandescent  filament  in  the  dia.- 
phragm  plane  of  the  microscope  condenser,  which  lies  at  its  anterior 
focus  (in  order  to  produce  parallel  bundles  of  light  rays).  The  collec¬ 
tor  must  have  a  so-called  field  diaphragm,  which  is  usually  located  in 
front  of  the  lens.  In  contrast  to  the  iris  diaphragm  of  the  microscope 
condenser,  which  regulates  the  aperture  of  the  condenser  and  objective 
and  thus  the  quantity  of  light  which  passes  through  them,  the  field  dia¬ 
phragm,  mounted  in  front  of  the  collector  lens,  limits  only  the  size  of 
the  object  field  or  visual  field  cf  the  microscope,  since  its  edge  usu¬ 
ally  falls  optically  within  the  visual  field,  which  is  bounded  by  the 
eyepiece  field  diaphragm.  In  many  modern  micros'- opes  (the  MBI-2,for  ex¬ 
ample)  this  principle  is  realized  in  such  fashion  that  there  is  no  need 
for  a  mirror;  the  bulb,  collector,  and  field  diaphragm  are  mounted  in 
the  microscope  base,  the  real  image  of  the  filament  being  formed  di¬ 
rectly  in  the  anterior  focal  plane  of  the  condense",  which  focuses  the 

-  11  - 


Image  of  the  field  diaphragm  and  specimen  plane. 

In  order  to  make  full  use  of  the  optical  capacities  of  a  micro¬ 
scope,  one  should  not  employ  unsuitable  light  sources:  powerful  incan¬ 
descent  bulbs  whose  light  is  used  directly,  without  an  intermediate 
collector,  or  various  types  of  imperfect  lamps,  where  the  collector  is 
a  water-filled  flask  or  an  ordinary  long -focus  lens  of  low  illuminating 
power.  Properly  designed  commercial  lamps  (the  01-7*  01-19*  or  01-20; 
Pig.  6)  or  home  made  lamps  with  more  or  less  point  light  sources  (a 
very  short  arc  between  two  tungsten  spheres  or  a  low-voltage  incandes¬ 
cent  bulb  with  a  short,  thick  filament)  whose  intensity  (filament  in¬ 
candescence)  can  be  regulated  with  a  rheostat,  thus  ensuring  a  smoothly 
varying  current  from  the  time  the  lamp  is  switched  on  until  it  reaches 
full  incandescence,  are  satisfactory  for  this  purpose.  The  bulb  should 
be  enclosed  in  a  case  with  ventilation  holes,  which  protects  the  ob¬ 
server's  eyes  from  its  light.  The  lamp  is  equipped  with  a  collector, 
which  3hould  be  corrected  for  spherical  and  chromatic  aberration.  The 
higher  the  illuminating  power  of  the  collector,  the  better  will  the 
lamp  operate  and  the  more  light  will  enter  the  microscope  at  a  given 
bulb  incandescence.  The  collector  should  have  a  device  which  permits  it 
to  be  focused  with  respect  to  the  aperture  diaphragm  of  the  microscope 
condenser.  It  must  also  have  an  iris  diaphragm  whose  diameter  when  com¬ 
pletely  open  should  equal  that  of  the  exit  pupil  of  the  collector  and 
whose  minimum  diameter  when  completely  closed  should  be  of  the  order  of 
0.5  mm.  The  lamp  should  be  mounted  in  a  yoke  attached  to  a  massive  base. 
Yoke -mounting  ensures  rigidity,  but  still  permits  the  movement  about 
the  horizontal  axis  necessary  to  center  the  lamp  with  respect  to  the 
microscope  optics.  The  lamp  pivot  rests  in  the  yoke  and  is  attached  to 
its  ends  with  nuts,  which  control  the  freedom  with  which  the  lamp  turns. 
It  must  be  added  that  the  bulb  socket  should  have  a  centering  device. 
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no  matter  how  simple  (at  best  there  are  3  leveling  screws,  while  at 
worst  the  socket  moves  upward  and  downward,  rotates  about  its  axis,  and 
has  some  sort  of  fastening  device  of  the  lock-nut  type,  which  ensures 
maintenance  of  centering). 


~>U) 

Pig.  6.  Diagram  of  microscope  lamp.  1)  Low-voltage  incandescent  bulb; 

2)  collector  lenses;  3)  iris  diaphragm;  4)  secondary  winding  of  trans¬ 
former;  5)  primary  winding  of  transformer;  6)  rheostat;  7)  line  current. 

In  working  with  a  microscope.  Just  as  any  optical  instrument,  the 
best  results  can  be  obtained  only  by  centering  all  its  optical  compon¬ 
ents,  including  the  lamp  system,  which,  as  we  have  already  pointed  out, 
constitutes  a  single  unit  together  with  the  microscope.  Adjustment  of 
the  illumination  consequently  begins  by  centering  the  light  source, 
which  is  done  in  the  following  manner. 

1.  The  lamp  is  set  up  opposite  a  white  screen  (a  sheet  of  white 
paper)  and  switched  to  full  Incandescence,  care  being  taken  that  the 
longitudinal  axis  of  the  bulb  is  perpendicular  to  the  screen,  which  Is 
25-30  cm  from  the  collector.  The  enlarged  image  cf  the  limp  filament, 
which  is  seen  as  a  broad,  brightly  shining  band  approc  imately  2  cm  long, 
is  focused  on  the  screen  by  moving  the  collector  toward  or  away  from  it. 
As  a  result  of  irradiation  and  uncorrected  aberrations  in  the  collector 
optics,  the  image  of  the  filament  is  not  sharp  and  should  be  surrounded 
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by  a  rather  broad  uniform  bluish  aureole  (spherical  and  chromatic  aber¬ 
ration). 

An  aureole  of  uniform  width  surrounding  the  image  of  the  filament 
indicates  that  correct  centering  has  been  achieved.  When  the  bulb  fila¬ 
ment  has  been  oriented  with  respect  to  the  optical  axis  of  the  collec¬ 
tor  we  can  move  on  to  the  next  stage  -  centering  of  the  light  source 
and  the  Abbe  illuminating  apparatus  of  the  microscope  relative  to  one 
another. 

2.  The  lamp  is  set  up  opposite  the  microscope,  30-40  cm  away,  and 
the  beam  of  light  is  directed  at  the  flat  mirror,  projecting  an  en¬ 
larged  image  of  the  filament  on  the  underside  c t  the  completely  closed 
aperture  diaphragm. 

The  image  of  the  filament  must  be  focused  as  sharply  as  possible 
on  the  closed  diaphragm,  which  is  done  by  slightly  advancing  or  with¬ 
drawing  the  collector  or  by  moving  it  a  little  longitudinally  with  the 
field  diaphragm  completely  open.  Focusing  of  the  real  enlarged  image  of 
the  filament  in  the  plane  of  the  aperture  diaphragm  is  of  great  impor¬ 
tance,  since,  as  we  know,  the  latter  is  in  the  anterior  principal  focal 
plane  of  the  condenser  (the  entrance  pupil  of  the  microscope).  The  light 
from  any  object  located  at  one  of  the  principal  foci  of  a  lens  is  con¬ 
verted  into  parallel  rays  as  it  passes  through  it.  Lenses  intended  to 
produce  parallel  bundles  of  rays  are  called  collimators.  By  producing 
an  enlarged  real  image  of  the  filament  covering  the  entire  entrance  pu¬ 
pil  of  the  condenser  and  thus  the  posterior  focal  plane  of  the  micro¬ 
scope,  we  can  use  the  condenser  as  a  collimator,  since  the  rays  forming 
the  image  are  refracted  in  the  condenser  lenses  end  leave  it  as  paral¬ 
lel  rays,  which  illuminate  the  specimen  in  the  requisite  manner. 

3.  Having  focused  the  image  of  the  filament  in  the  anterior  focal 
plane  of  the  condenser,  the  aperture  diaphragm  (the  iris  diaphragm  of 
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the  microscope)  must  be  completely  closed.  Reducing  the  light  to  red¬ 
dish-yellow  Incandescence  (which  may  occasionally  damage  the  eyes)  and 
focusing  a  weak  objective  (lOx)  in  combination  with  a  medium  eyepiece 
(lOx)  on  any  available  specimen,  the  mirror  is  turned  slightly  to  bring 
the  image  of  the  collector  lens  and  field  diaphragm  into  the  micro¬ 
scope's  field  of  view.  Since  the  objective  is  focused  on  the  specimen, 
the  condenser  must  be  raised  or  lowered  to  focus  the  image  c t  the  col¬ 
lector  in  the  specimen  plane.  If  all  this  is  done  correctly,  the  front 
lens  of  the  collector,  which  can  be  seen  together  with  the  specimen  in 
ibc  field  of  view,  should  appear  to  be  uniformly  flooded  with  light 
(taking  the  form  of  a  uniformly  illuminated  circle).  If  it  Is  only  par¬ 
tially  illuminated  or  dark  and  covered  with  luminous  iridescent  dots, 
the  lamp  must  be  slightly  turned  about  its  horizontal  axis  in  the  yoke. 
The  requisite  position,  in  which  the  front  lens  of  the  collector  is  in- 
tirely  flooded  with  light,  is  easily  found  by  this  method.  It  is  oc¬ 
casional  necessary  to  turn  the  lamp  to  the  right  or  left  about  its  ver¬ 
tical  axis  to  obtain  complete  centering. 

The  light  is  precisely  adjusted  only  when  the  field  of  view  in¬ 
cludes  both  the  specimen  and  the  image  of  the  surface  tf  the  collector 
lens.  Closing  the  field  diaphragm  (near  the  collector),  we  see  a  sharp 
image  of  its  edges,  which  are  touching.  Keeping  in  mind  the  fact  that 
the  specimen  is,  as  it  were,  at  the  focus  of  two  objectives  facing  one 
another  (the  condenser  and  the  objective),  we  finally  focus  the  conden¬ 
ser  on  the  specimen  in  such  fashion  that  the  image  of  the  closed  field 
diaphragm  is  surrounded  by  a  red  or  blue  corona  and  is  rather  sharp.  A 
final  adjustment  of  the  mirror  brings  the  luminous  circle  (whose  size 
is  determined  by  the  opening  of  the  field  diaphragm)  into  the  center  of 
the  field  of  view.  This  completes  the  adjustment  of  the  light  (by  Kel¬ 
ler's  method,  1893)  and  we  can  now  observe  or  photograph  the  subject 
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under  a  given  magnification  (with  a  given  combination  of  objective  and 
eyepiece). 

In  working  with  low  magnifications  (weak  objectives),  it  is  easily 
seen  that  the  size  of  the  collector-lens  image,  which  is  visible  in  the 
field  of  view  even  with  a  weak  eyepiece,  is  insufficient  to  illuminate 
the  visual  field  and  thus  the  object  field.  When  using  an  objective 
vitK  a  true  magnification  of  lOx  it  is  necessary  to  remove  the  conden¬ 
ser  irom  the  housing  of  its  support,  unscrew  its  upper  portion,  and  re¬ 
place  the  remaining  cylindrical  portion,  which  carries  a  single  large 
lens,  inserting  the  condenser  mount  into  the  housing  to  the  flange,  as 
usual.  In  contrast  to  the  objectives,  which  must  never  be  unscrewed 
separately,  this  procedure  need  not  be  avoided  with  the  condenser,  since 
it  is  intended  to  be  separated  into  two  halves. 

The  01-14  analytic  condenser,  which  can  be  used  with  the  MBI-3 
microscope,  is  equipped  with  an  additional  illuminating  lens  with  an 
aperture  of  0.4.  In  working  at  low  magnifications  the  large -aperture 
portion  of  the  condenser  (see  Pig.  3,  l)  is  replaced  by  a  small-aper¬ 
ture  condenser  of  the  spectacle  type  (see  Fig.  3,  2).  Having  inserted 
the  lower  half  of  the  condenser,  whose  aperture  has  been  deliberately 
reduced  and  its  focal  length  increased  by  removing  the  upper  lens,  into 
the  condenser-support  housing,  the  rack  is  lowered  until  the  opening  in 
the  closed  field  diaphragm  can  be  seen  in  the  object  plane.  Even  though 
the  specimen  is  the  same,  the  image  of  the  diaphragm  opening  appears 
far  larger  in  the  eyepiece  than  when  the  condenser  is  fully  assembled. 
The  images  of  the  object  and  the  field-diaphragm  opening  are  then 
brought  into  precise  optical  correspondence  (by  focusing  the  objective 
on  the  specimen  and  raising  or  lowering  the  condenser)  with  the  aperture 
diaphragm  completely  open;  looking  through  the  microscope,  the  field 
diaphragm  is  then  opened  so  that  its  edge  is  just  barely  beyond  that  of 
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the  eyepiece  diaphragm  (the  second  field  diaphragm  of  the  microscope). 
The  field  diaphragm  should  not  be  opened  any  further,  since  this  does 
not  Intensify  the  illuminatim  of  the  specimen,  but  only  causes  scat¬ 
tering  of  the  light,  greatly  reducing  image  contrast.  The  disassembled 
condenser  (its  lower  half)  is  used  for  visual  and,  particularly,  micro¬ 
photographic  work,  in  combination  with  objectives  of  lOx  and  20x,  al¬ 
though  when  a  20x  objective  is  employed  it  is  better  to  reassemble  the 
condenser  and  readjust  the  light  as  described  above.  When  using  the  in¬ 
tact  condenser,  which  has  a  large  angular  aperture  (approximately  45*), 
11  .aust  be  adjusted  to  conform  to  the  objective  employed,  which  is  best 
'icre  by  observing  the  exit  pupil  of  the  objective  with  an  auxiliary  mi¬ 
croscope  mounted  on  the  phase -contrast  attachment. 

Further  closing  of  the  aperture  diaphragm  is  not  necessary,  since 
It  automatically  leads  to  a  detrimental  decrease  in  the  aperture  and 
thus  the  ’esolving  power  of  the  objective.  When  the  opening  of  the  aper¬ 
ture  diaphragm  is  greatly  reduced  the  image  takes  on  a  coarse,  mottled 
appearance  and  loses  most  of  its  fine  detail.  When  the  objective  is  re¬ 
placed  by  a  more  powerful  one  with  a  larger  numerical  aperture  the  con¬ 
denser  aperture  must  be  adjusted  to  that  of  the  objective. 

Only  when  the  condenser  aperture  has  been  adjusted  to  that  of  the 
objective  can  the  field  diaphragm  be  opened  beyond  the  eyepiece  dia¬ 
phragm  (which  limits  the  field  of  view).  If  the  observer  then  removes 
the  eyepiece  and  looks  into  the  microscope  tube  he  sees  a  luminous  cir¬ 
cle,  which  corresponds  to  the  posterior  lens  of  the  objective  (and 
roughly  to  its  posterior  focal  plane)  and  is  uniformly  flooded  with 
light.  This  circle  is  surrounded  by  a  gray  ring,  whose  width  (and  tfius 
the  diameter  of  the  circle)  can  be  varied  by  adjusting  the  aperture 
diaphragm.  It  is  theoretically  assumed  that  the  opening  of  the  aperture 
diaphragm,  whose  image  appears  as  a  gray  ring  in  the  posterior  focal 
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plane  of  the  objective,  should  be  such  that  It  covers  1/10  of  the  field 
of  this  focal  plane.  This  means  that  the  width  of  the  cone  of  light 
leaving  the  condenser  should  be  9/10  of  the  width  of  that  which  can  en¬ 
ter  the  objective  (i.e.,  the  angular  aperture  of  the  condenser  should 
be  9/10  of  that  of  the  objective).  In  practice,  defects  In  the  objec¬ 
tive  make  It  necessary  to  close  the  aperture  diaphragm  somewhat  further, 
to  3/^-2/3*  since  with  dry  systems  opening  It  to  9/10  does  not  complete¬ 
ly  eliminate  the  scattered  light,  which  enters  the  objective  and  causes 
severe  deterioration  of  the  Image  of  the  object  (reducing  Its  contrast 
and  destroying  detail). 

When  the  mlcroscoplst  does  not  feel  It  necessary  to  employ  Illum¬ 
ination  by  Keller's  method,  a  sheet  of  frosted  or  very  fine-grained 
ground  glass  can  be  inserted  between  the  front  lens  of  the  collector 
and  the  field  diaphragm,  30  cm  from  the  microscope  mirror. 

When  using  daylight  it  Is  easy  to  obtain  the  best  illumination  by 
aiming  the  mirror  at  white  clouds.  Working  on  a  sunny  day  with  brightly 
lit  white  clouds  against  a  blue  sky  provides  the  most  ideal  conditions. 
It  Is,  however,  necessary  to  focus  the  light  source  (the  white  clouds) 
precisely  on  the  object  in  order  to  keep  from  cutting  down  the  conden¬ 
ser  aperture.  This  is  done  by  viewing  the  specimen  under  low  magnifica¬ 
tion  and  raising  or  lowering  the  condenser  (depending  on  the  thickness 
of  the  slide)  to  obtain  a  sharp  Image  of  the  cloud  in  the  object  plane. 
Under  higher  magnifications  the  Image  of  the  cloud  then  serves  as  a 
source  of  parallel  light  rays.  The  blue  sky  usually  yields  ver . •  little 
light.  When  the  sky  Is  filled  with  clouds  the  condenser  must  be  fo¬ 
cused  by  bringing  the  Image  of  some  distant  object  (a  building,  tree, 
or  hill  on  the  horizon  or  the  molding  of  the  window  frame)  into  the  ob¬ 
ject  plane  and  then  aiming  the  mirror  at  the  brightest  part  of  the  sky. 
In  contrast  to  work  with  artificial  light  sources,  where  the  slightest 
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change  In  the  Inclination  of  the  mirror  disrupts  centering,  daylight, 
which  furnishes  parallel  rays  (diffuse  light)  from  any  point  in  the  sky, 
makes  it  possible  to  turn  the  mirror  (plane  side)  in  any  direction  and 
catch  the  reflection  of  any  cloud,  whether  it  is  on  the  horizon  or  at 
the  zenith;  the  illumination  remains  centered  so  long  as  the  optical 
axes  of  the  condenser  and  the  objective  coincide. 

PRINCIPAL  ERRORS  IN  MICROSCOPIC  WORK 

The  microscopist  is  often  advised  to  use  the  convex  mirror,  which 
directly  contravenes  the  principles  of  illumination.  Use  of  the  flat 
,;.L  ror  in  daylight  and  the  convex  mirror  under  artificial  light  is  fre¬ 
quently  recommended. 

The  convex  mirror  should  never  be  used  in  working  with  the  Abbe 
condenser,  since  the  latter  is  intended  only  for  use  with  the  plane  mir¬ 
ror,  regardless  of  the  character  of  the  light  source  (a  lamp,  a  cloud, 
etc. ). 

Another  common  gross  violation  of  the  rules  for  microscopic  work 
is  arbitrarily  raising  or  lowering  the  lamp  condenser  without  taking 
into  account  the  thickness  of  the  slide,  paying  no  attention  whatsoever 

to  the  height  of  the  condenser,  or  varying  its  position  to  regulate  the 

| 

illumination,  lowering  it  considerably  to  darken  the  field  of  view.  A 
number  of  handbooks  contain  recommendations  of  this  sort  and,  unfortun¬ 
ately,  the  majority  of  microscopists  often  employ  these  incorrect  meth¬ 
ods,  thus  distorting  the  picture  which  they  see  in  the  microscope's 
visual  field. 

The  most  common  violation  of  the  rules  for  microscopic  work,  and 
a  very  important  one,  is  arbitrary  handling  of  the  lamp  aperture  dia¬ 
phragm.  The  majority  of  microscopists  do  not  understand  the  purpose  of 
this  diaphragm,  using  it  not  for  reducing  the  working  aperture  of  the 
condenser  to  9/10  or  2/3  cf  the  objective  aperture,  thus  eliminating 
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scattered  light  and  providing  the  necessary  image  contrast,  but  for  in¬ 
correct  regulation  of  field  illumination.  As  is  well  known,  field 
brightness  should  be  controlled  either  by  inserting  a  neutral  filter  in¬ 
to  the  optical  pathway  and  thus  reducing  the  intensity  of  the  light  from 
the  source  or,  more  practically  (but  less  desirably,  since  it  changes 
the  color  temperature  of  the  source),  by  regulating  the  incandescence 
of  the  bulb  with  an  appropriate  rheostat  for  various  sect lens  of  a 
transformer. 

An  even  more  common  violation  of  the  rules  is  ignoring  the  thick¬ 
ness  of  the  slides  used.  In  some  cases,  when  working  with  weak  or  even 
powerful  dry  systems  and  a  fluid  specimen  containing  microorganisms  and 
covered  with  a  cover  glass,  extreme  slide  thickness  is  not  very  impor¬ 
tant,  since  the  working  aperture  of  the  optical  system  must  be  greatly 
reduced  in  studying  such  specimens.  However,  when  studying  blood  smears, 
microorganism  smears,  etc.,  which  are  always  examined  by  oil  Immersion 
at  the  full  numerical  aperture  of  the  system,  a  thick  slide,  which  ham¬ 
pers  correct  focusing  of  the  condenser,  greatly  reduces  the  clarity  of 
the  microscopic  image  and  thus  the  precision  of  the  result  obtained.  In 
cytological  work  slides  of  varying  thickness  are  often  used  in  prepar¬ 
ing  uniform  serial  specimens.  During  the  subsequent  investigation  of 
individual  specimens  prepared  on  over-thick  slides  this  is  an  unsur- 
mountable  obstacle  to  examination  of  important  specimens  with  large- 
aperture  systems.  Use  of  too  thick  a  cover  glass  makes  it  Impossible  to 
examine  the  specimen  with  a  powerful  short-focus  immersion  objective, 
whose  working  distance  would  be  less  than  the  thickness  of  the  unsuit¬ 
able  cover  glass.  In  this  case  the  over-thick  glass  is  a  physical  ob¬ 
stacle  to  use  of  the  immersion  objective,  which  cannot  be  brought  into 
focus,  since  the  housing  of  its  front  lens  strikes  the  surface  of  the 
glass.  This  circumstance  has  often  meant  the  destruction  of  large-aper- 
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ture  immersion  objectives,  whose  front  lenses  are  not  firmly  held  in 
their  housings  and  are  usually  displaced  after  attempts  to  focus  the 
objective  under  such  conditions.  Use  of  a  thick  slide  disrupts  only  the 
focusing  of  the  condenser,  having  no  effect  on  the  focusing  of  the  ob¬ 
jective.  The  fact  that  the  working  aperture  of  the  microscope  equals 
half  the  sum  of  the  working  apertures  of  the  objective  and  the  conden¬ 
ser  makes  it  possible  to  obtain  a  more  or  less  acceptable,  although 
crude  final  result.  Consequently,  when  there  is  no  condenser  (and  its 
aperture  is  thus  zero)  the  working  aperture  of  a  microscope  equipped 
*'l..h  an  immersion  objective  with  a  numerical  aperture  of  1.3  is  reduced 
tc  O.75,  which  is  not  too  small  to  permit  resolution  of  the  coarser  de¬ 
tails  of  the  subject.  However,  gross  diffraction  phenomena  develop  when 
the  condenser  is  removed  or  lowered:  the  edge  of  the  specimen  appears 
to  be  surrounded  by  a  border  of  fine  parallel  lines,  while  thread-like 
dust  particles  in  the  eyepiece  take  on  the  fonn  of  characteristic  round 
spots  consisting  of  a  system  of  concentric  circles. 

THE  ULTRAMICROSCOPE  OR  THE  DARK -FIELD  METHOD 

There  are  3  basic  methods  for  obtaining  a  dark -field  effect:  the 
first  was  proposed  by  Gigmondi  and  Zldentopf  and  consists  in  illuminat¬ 
ing  the  medium  or  object  to  be  examined  with  an  Intense  lateral  beam  of 
light  perpendicular  to  the  optical  axis  of  the  objective  (the  slit  ul¬ 
tramicroscope).  This  method  is  now  employed  primarily  in  studying  col¬ 
loidal  systems.  The  second  technique  is  based  on  obscuration  in  the  ob¬ 
jective,  where  a  narrow  beam  of  light  formed  by  a  special  condenser 
passes  through  the  object  and  enters  the  front  lens  of  the  objective, 
striking  its  flat-ground,  engraved  central  portion,  where  it  Is  ab¬ 
sorbed.  The  light  thus  does  not  pass  straight  through  the  microscope; 
the  luminous  image  of  the  specimen  against  a  dark  field  i«  seen  solely 
as  a  result  of  the  diffracted  rays. 


The  third  method  Is  the  one  most  commonly  employed  in  microbiology: 
it  Involves  central  obscuration  in  the  condenser,  the  subject  being  il¬ 
luminated  solely  by  large -aperture  (very  indirect)  rays,  which  is 
achieved  by  obscuring  the  oentral  portion  of  the  condenser.  Any  large- 
aperture  Abbe  condenser  can  be  converted  to  a  dark-field  condenser,  by 
disassembling  it  and  covering  its  central  portlcn  (no  less  than  2/3  of 
its  area)  with  a  circle  of  black  paper,  whose  final  diameter  is  deter¬ 
mined  empirically.  Small -aperture  objectives  must  be  used  when  the  dark- 
field  effect  is  produced  by  central  obscuration  in  the  condenser  (with 
a  paraboloid  or  cardlold  condenser),  3lnce  the  indirect  rays  illuminat¬ 
ing  the  subject  would  otherwise  enter  the  objective  and  cause  a  decrease 
in  contrast  or  general  fogging  of  the  image.  With  these  condensers  no 
special  precautions  are  required  to  obtain  a  dark  field  with  any  dry 
system  or  with  a  1/7  homogeneous  immersion  lens  with  a  numerical  aper¬ 
ture  of  0.75*  The  latter  system  is  to  be  specially  recommended,  since 
it  produces  an  exceptionally  high-contrast  dark  field.  Special  immer¬ 
sion  objectives  with  a  variable  numerical  aperture,  which  is  achieved 
by  including  a  special  Davis  diaphragm  in  the  objective,  are  employed  in 
some  cases;  the  opening  of  the  diaphragm  is  regulated  by  turning  a  ring 
on  the  housing.  Such  systems,  whose  numerical  apertures  range  from  1.25 
to  0.85,  can  be  used  equally  successfully  for  light-  and  dark-field  ob¬ 
servations. 

In  dark -field  work  the  light  Is  adjusted  and  centered  by  the  light - 
field  method  and  the  Abbe  condenser  is  then  replaced  by  the  appropriate 
central-obscuration  system,  the  aperture  diaphragm  cf  the  lamp  being 
opened  as  far  as  possible. 

The  specimen  is  prepared  by  the  drop-dispersion  method  and  is  made 
as  thin  as  possible.  The  slide  should  not  exceed  l-Pil  mm  in  thickness, 
since  the  condenser  focus  (the  point  where  the  large -aperture  rays  in- 
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tersect)  will  otherwise  lie  within  the  side  and,  in  checking  for  correct 
adjustment  of  the  weak  system,  the  observer  will  see  a  dark  circle  rath¬ 
er  than  a  circle  within  which  the  object  shines  like  a  bright  star 
against  a  black  sky. 

This  pattern  appears  to  be  an  optical  section  through  a  tent -like 
array  of  large -aperture  rays  surrounding  a  cone  of  complete  darkness 
(the  shadow  of  the  central  screen).  Since  the  large -aperture  rays  in¬ 
tersect  at  their  focus  and  diverge  to  form  a  funnel  of  light  containing 
a  second  cone  of  darkness  with  its  base  facing  upward,  the  observer  may 
...  e  a  glowing  ring  surrounding  a  dark  circle  when  the  slide  is  very 
thin  or  extremely  thick.  In  the  first  case  we  correct  the  situation  by 
lowering  the  condenser  and  shifting  its  focus  into  the  specimen,  while 
in  the  second  case  the  specimen  must  be  reprepared  on  a  thinner  slide. 
Dark-field  observations  must  be  made  with  an  immersion  condenser.  Cedar 
oil  should  be  used  as  the  immersion  fluid,  although  other  liquids  with 
indices  of  refraction  approximating  that  of  glass  (n  =  1.56),  such  as 
vaseline  oil,  can  be  employed  for  large-scale  work.  Having  obtained  the 
dark -field  effect,  the  point  at  which  the  condenser  rays  intersect  is 
made  to  coincide  with  the  optical  axis  of  the  objective  by  turning  the 
condenser  sleeve  and  the  handle  of  the  eccentric  ring  on  its  housing  in 
opposite  directions.  Uncentered  illumination  is  indicated  by  one-sided 
lighting  of  air  bubbles  or  erythrocytes,  which  gives  them  a  sickle-like 
appearance.  When  the  light  is  centered  air  bubbles  appear  as  dazzling 
rings.  The  lamp  rheostat  is  intentionally  disconnected  in  dark-field 
work;  this  ensures  a  maximum  light  intensity  and  increases  the  visibil¬ 
ity  of  such  fine  details  as  bacterial  flagella. 

THE  PHASE-CONTRAST  METHOD 

One  technique  for  Increasing  the  contrast  of  transparent  and  thus 


dlfficult-to-dlstinguish  living  subjects  is  the  phase-contrast  method. 
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Microscopic  subjects  can  be  either  colored  (naturally  or  artificially) 
or  colorless.  Colored  specimens  are  easily  seen  under  the  microscope, 
since  they  stand  out  in  contrast  to  the  background  formed  by  the  visual 

field.  Study  of  the  structural  details  of  such  subjects  is  facilitated 

* 

by  use  of  special  light  filters,  which  not  only  increase  the  contrast 
of  the  subject  or  its  details,  but  reduce  extreme  coloration,  which  of¬ 
ten  masks  various  structures  (for  example,  a  blue -green  filter  is  em¬ 
ployed  in  studying  the  nuclear  structures  of  microorganisms  stained  by 
the  Romanowsky-Giemsa  method). 

Colorless  specimens  are  easily  seen  when  they  are  sufficiently 
opaque  and,  absorbing  light,  appear  dark  against  the  light  background 
of  the  visual  field.  Since  such  specimens  alter  the  amplitude  of  the 
light  waves  passing  through  them,  uniformly  or  nonuniformly  attenuating 
them,  they  are  referred  to  as  amplitude -modifying. 

In  addition  to  amplitude -modifying  objects  there  are  those  which 
are  completely  transparent.  In  passing  through  such  objects  light  either 
retains  its  full  intensity  or  is  very  slightly  attenuated;  however,  if 
different  portions  of  the  specimen  have  different  indices  of  refraction 
or  the  specimen  is  nonuniform  in  thickness,  the  phase  of  a  light  wave 
leaving  it  is  altered.  Such  objects  are  referred  to  as  phase-modifying, 
to  contrast  them  with  amplitude -modifying  specimens.  The  majority  of 
living  cells  and  microorganisms  are  phase -modifying.  The  phase  change 
produced  by  the  passage  of  light  waves  through  such  specimens  cannot 
be  detected  with  the  eye  or  on  a  photographic  plate. 

The  phase -contrast  method,  which  was  proposed  by  Cernik  in  1934, 
is  used  to  detect  the  phase  shift  caused  by  transparent  objects. 

The  phase-contrast  method  is  based  on  the  Abbe  diffraction  theory 
for  image  formation  in  the  microscope. 

Any  object  placed  in  the  path  of  the  rays  passing  from  the  conden- 
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ser  to  the  objective  serves  as  a  diffraction  grating,  regardless  of 
whether  It  has  a  periodic  (the  shells  of  diatom  algae,  the  scales  of 
butterfly  wings)  for  an  aperiodic  (leucocytes)  structure.  In  passing 
through  the  specimen  the  light  rays  undergo  diffraction  at  different 
points,  so  that  diffraction  spectra  of  the  light  source  develop  around 
any  object  illuminated  by  direct  or  incident  light  from  the  condenser. 
Entering  the  objective,  both  the  direct  and  diffracted  rays  are  collect 
cl  in  its  posterior  focal  plane,  where  a  multiple  image  of  the  light 
source  is  formed;  the  central  image  Is  colorless  and  Is  called  the  zero 
in-  clmum,  while  iridescent  images  are  arrayed  about  the  zero  maximum  and 
ere  referred  to  as  first-order,  second-order,  etc.,  maxima.  The  distrib 
ution  of  the  first-order  and  other  maxima  is  determined  solely  by  the 
character  of  the  specimen.  When  it  is  periodic  in  structure  the  maxima 
take  the  form  of  parallel  lines,  the  first-order  maxima  lying  in  a 
straight  line,  but  on  either  side  of  the  zero  maximum. 

Since  the  image  of  the  annular  diaphragm  below  the  condenser  is 
observed  In  the  exit  pupil  of  the  objective,  which  is  focused  on  the 
specimen,  in  the  form  of  a  zero  maximum  and  first-order  maxima  that  on¬ 
ly  slightly  overlap  or  are  entirely  separate,  it  is  possible  to  arbi¬ 
trarily  influence  the  character  of  the  secondary  (final)  image  by  al¬ 
tering  the  quality  of  the  light  at  the  zero  maximum  by  one  means  or  an¬ 
other.  Cernlk  (193*0  suggested  that  the  intensity  of  the  light  at  the 
zero  maximum  be  substantially  reduced  and  its  phase  simultaneously 
change  by  1/4  wavelength  by  inserting  a  so-called  annular  phase  plate 
in  the  exit  pupil  of  the  objective.  This  plate  is  precisely  equal  in 
size  to  the  projection  of  the  annular  diaphragm  below  the  condenser. 

The  light  rays  forming  the  first-order  maxima  interfere  with  the  quali¬ 
tatively  and  quantitatively  altered  rays  at  the  zero  maximum,  producing 
an  extremely  contrasty  image  of  transparent  phase -modifying  objects  in 


which  slight  differences  in  coefficient  of  refraction  or  thickness 
cause  no  attenuation  of  the  light  passing  through  them,  altering  only 
the  phase  of  its  waves.  A  graphic  survey  of  the  processes  which  occur 
in  phase -contrast  microscopy  is  given  in  the  description  supplied  with 
each  set  of  phase-contrast  optics  (KF  1)  and  they  require  no  further 
explanation. 

The  method  of  using  the  KF  4  phase -contrast  attachment  reduces  to 
the  following. 

1.  The  condenser  is  removed  from  the  microscope  and  replaced  by 
the  special  condenser  from  the  set  (which  is  equipped  with  a  diaphragm 
turret  and  a  centering  device);  the  dial  of  the  latter  is  set  so  that 
the  numeral  zero  appears  in  the  window. 

2.  The  usual  microscope  optics  are  replaced  by  those  from  the  KF  4 
set,  which  consists  of  10,  20,  40,  and  90x  achromatic  objectives  (the 
latter  being  for  oil  immersion). 

3*  The  specimen  is  placed  on  the  stage  and  the  illumination  adjust¬ 
ed  by  Keller’s  method  under  low  magnification. 

4.  Having  focused  the  required  objective  on  the  specimen,  the  eye¬ 
piece  is  replaced  with  the  MIR-4  auxiliary  microscope  Included  in  the 
set.  The  tube  of  the  auxiliary  microscope  is  withdrawn  until  the'  exit 
puiil  of  the  objective,  which  takes  the  form  of  a  light  circle  contain¬ 
ing  the  darker  concentric  ->-'ular  phase  plate,  is  clearly  in  focus. 

5.  The  rotating  dial  v-— ret)  of  the  condenser  is  turned  so  that 
the  figure  corresponding  to  the  true  magnification  of  the  phase  objec¬ 
tive  to  be  employed  shows  in  its  window.  The  annular  diaphragm  is  then 
seen  by  looking  through  the  auxiliary  microscope;  the  centering  screws 
must  be  used  to  align  the  phaseplate  so  that  it  falls  precisely  within 
the  light  ring  produced  by  the  diaphragm. 

6.  This  completes  the  adjustment.  The  auxiliary  microscope  is  re- 


moved  and  the  eyepiece  is  replaced  to  examine  the  specimen.  The  proce¬ 
dures  outlined  in  Paragraphs  4,  5  and  6  must  be  repeated  each  time  the 
objective  is  changed. 

Depending  on  the  character  of  the  phaseplate,  phase-contrast  out¬ 
fits  can  produce  dark  images  on  a  light  background  (positive  phase  con¬ 
trast)  or  light  images  on  a  dark  background  (negative  phase  contrast). 
The  type  of  apparatus  is  usually  indicated  in  the  instructions. 

ANOPTRAL  MICROSCOPY 

In  addition  to  the  phase-contrast  microscope,  we  must  also  recom- 
i.c;  I  the  so-called  anoptral  microscope  developed  by  the  Finnish  physio- 
io.r’st  Wilska. 

During  the  development  of  the  phase -contrast  microscope  Keller  and 
Locs  (1941)  often  attempted  to  Improve  on  this  method. 

The  method  of  light  microscopy  proposed  ly  Wilska  in  1953  was  an 
interesting  innovation  in  the  field  of  optical  contrasting.  Applying  an 
annular  layer  of  carbon  black  to  one  lens  of  the  objective  (analogous 
to  the  phase  ring  of  phase-contrast  objectives)  and  using  an  annular 
diaphragm  of  appropriate  aperture  mounted  in  the  condenser,  he  construc¬ 
ted  a  device  with  a  negative  phase -contrast  effect  which  yields  a  more 
contrasty  image  of  very  thin  phase -modifying  objects  than  the  phase- 
contrast  microscope. 

In  1954  M.A.  Peshkov  repeated  Wilska 's  experiments  and  fabricated 
a  set  of  anoptral  objectives;  these  enabled  him  to  conduct  a  series  of 
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scientific  investigations  which  accelerated  the  commercial  production 
of  a  Soviet  anoptral  apparatus  under  the  trademark  MFA-2. 

In  1955,  while  investigating  amplitude -contrast  microscopy  and 
diffraction  phenomena  in  the  exit  pupil  of  a  home-made  anoptral  objec¬ 
tive,  M.A.  Peshkov  concluded  that  the  peripheral  light  diaphragm  is  de¬ 
trimental,  causing  troublesome  aureoles  and  emphasizing  traumatic  er- 


pors  In  the  optics  of  both  home-made  and  commercial  instruments.  These 
observations  made  it  necessary  to  extend  the  ring  of  carbon  black  to 
the  edge  of  the  lens. 

The  rather  broad  central  opening  in  the  layer  of  carbon  black  is 
a  "gate"  through  which  diffracted  light  from  the  lens  is  directed  to¬ 
ward  the  main  mask,  while  the  broad  layer  of  carbon  black  covering  the 
remainder  of  the  lens  surface  serves  as  a  trap  for  undesirable  peri¬ 
pheral  diffracted  light;  this  furnished  the  grounds  for  referring  to 
the  anoptral  objectives  designed  by  M.A.  Peshkov  as  gate  objectives. 

In  addition  to  the  annular  diaphragm,  a  central  diaphragm  was  also 
installed  in  the  condenser.  The  outer  margin  of  the  annular  zero  maxi¬ 
mum  was  thus  the  condenser  circle  or  the  edge  of  the  aperture  diaphragm, 
operation  of  which  made  it  possible  to  vary  the  width  of  the  zero  maxi¬ 
mum. 

The  absorbing  layer  of  the  gate  objective  can  be  prepared  from  me¬ 
tal  (copper)  by  Stefanov's  method,  as  well  as  from  carbon  black.  The  ab¬ 
sorbing  layer  should  pass  no  more  than  10 %  of  the  light,  since  maximum 
contrast  can  be  ensured  only  under  such  conditions.  In  contrast  to 
phase -contrast  objectives,  gate  objectives  are  apparently  based  on  amp¬ 
litude  contrast,  in  which  a  lesser  role  is  played  by  Interference  of 
the  diffracted  light  with  the  direct  light,  which  has  undergone  10-fold 
attenuation  and  been  somewhat  refracted  during  its  passage  through  the 
layer  of  carbon  black  or  other  light  filter. 

Comparison  of  microphotographs  taken  with  classical  Wilska  anoptral 
objectives  and  with  M.A.  Peshkov's  gate  objectives  indicates  that  there 
is  a  sharp  decrease  in  aureole  Intensity  and  better  resolution  of  in¬ 
tracellular  details  in  various  cytologlcal  specimens.  Including  bacter¬ 
ia,  in  the  latter  case. 
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LUMINESCENCE  MICROSCOPY 

The  term  "photoluminescence"  refers  to  the  light  produced  by  a 
specimen  as  a  result  of  absorbed  radiant  energy.  For  a  number  of  rea¬ 
sons,  this  light  has  a  longer  wavelength  than  the  absorbed  light.  It 
is  consequently  convenient  to  excite  luminescence  either  with  30-^00  nip 
ultraviolet  rays  or  with  blue-violet  light.  In  either  case,  the  lumi¬ 
nescence  produced  covers  all  or  a  large  part  of  the  visible  spectrum, 
coloring  the  luminous  image. 

When  the  specimen  does  not  exhibit  luminescence  it  is  stained  with 
.  ,  <  -lal  fluorochrome  dyes  and  its  nonfluorescent  components  then  begin 
to  luminesce. 

The  setup  for  luminescence  microscopy  under  visible  light  consists 
of  a  bright  light  source  and  a  biological  microscope.  A  blue-violet  fil¬ 
ter  is  placed  between  the  light  source  and  the  microscope  nearer  and  a 
yellow  filter  is  slipped  over  the  eyepiece.  The  blue-violet  light 
striking  the  specimen  excites  it  to  luminesce.  In  order  to  detect  the 
luminescence  all  the  blue-violet  rays  must  be  eliminated,  which  is  done 
with  the  yellow  filter  mounted  on  the  eyepiece,  so  that  only  the  long¬ 
wave  fluorescent  light  enters  the  observer 's  eye. 

A  number  of  substances,  such  as  vitamins  A  and  B2,  many  of  the  pig¬ 
ments  and  certain  of  the  fats  and  antibiotics  found  in  living  organisms, 
and  certain  products  of  normal  and  pathological  metabolism  display  mark¬ 
ed  fluorescence.  Such  fluorescence  is  referred  to  as  primary. 

The  induced,  or  secondary,  fluorescence  produced  by  fluorochrome 
dyes  is  of  far  greater  Importance  than  primary  luminescence. 

Of  the  synthetic  fluorochrome s ,  Acridine  orange,  coryphosphin,  and 
chemotherapeutic  preparations  such  as  rivanol,  acrichine,  and  trypafla- 
vir.  yield  the  best  results.  They  are  usually  employed  in  the  form  of 
extremely  weak  aqueous  solutions. 
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Luminescence  microscopy  has  the  following  characteristics  (M.N. 
Meysel',  1955): 

1)  a  colored  Image; 

2)  a  high  contrast  between  the  luminescent  specimen  and  the  black 
background ; 

3)  both  transparent  and  opaque  living  specimens  can  be  examined; 

4)  various  vital  processes  can  be  investigated  under  dynamic  condi¬ 
tions; 

5)  Individual  microbes  and  viruses  can  be  detected  and  their  lo¬ 
calizations  established; 

6)  extremely  precise  cytochemical  and  histochemical  methods  and 
techniques  for  rapid  cytodiagnosls  have  been  developed. 

The  01-18  luminescence  lamp  with  a  SVD-120A  mercury -quartz  bulb  is 
employed  for  luminescence  work;  it  can  be  used  with  ordinary  biological 
microscopes  or  with  the  special  ML-2  luminescence  microscope.  A  discus¬ 
sion  of  the  use  of  luminescent  Sera  for  diagnosing  the  causitive  agents 
of  infectious  diseases  is  presented  on  page  74. 
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MICROSCOPIC  INVESTIGATION  OF  LIVING  MICROORGANISMS 
Prof.  M.A.  Peshkov 

The  so-called  hanging  drop  method  has  long  been  used  for  observing 
living  bacteria  under  physiological  conditions.  A  cover  glass  Is 
grasped  In  a  Cornet  forceps  and  passed  through  a  flame;  after  It  has 
cooled  a  drop  of  the  material  to  be  studied  Is  centered  an  It.  The  In¬ 
oculated  cover  glass  Is  quickly  placed  on  a  sterile  slide  with  a  con¬ 
cavity  whose  edge  has  been  preliminarily  smeared  with  vaseline.  A  hol¬ 
low-ground  slide  can  also  be  placed  over  the  cover  glass  carrying  the 
u  op  of  culture.  The  chamber  Is  made  completely  hermetic  and  the  speci¬ 
men  Is  observed  over  a  period  of  many  days.  One  drawback  cf  this  method 
is  the  fact  that  the  specimen  (multiplying  bacteria,  growing  spores, 
etc. )  is  In  a  liquid  medium.  Brownian  or  natural  movement  of  the  micro¬ 
organisms  Is  often  undesirable;  it  can  be  prevented  by  suspending  them 
in  a  drop  of  molten  agar  cooled  to  45*.  Compatible  results  can  always 
be  obtained  in  observing  microorganisms  in  a  classical  hanging-drop 
chamber,  particularly  if  the  observer  fixes  his  attention  on  individuals 
near  the  edge  of  the  drop,  where  they  are  somewhat  immobilized  by  sur¬ 
face  tension.  In  working  with  such  chambers  the  illumination  must  be 
adjusted  in  accordance  with  all  the  aforementioned  rules,  although  the 
curvature  of  the  concavity  and  the  water  drops  which  condense  on  the 
bottom  of  the  chamber  do  not  always  make  it  possible  to  obtain  a  clear 
image  of  the  field  diaphragm.  These  optical  defects  keep  us  from  ob¬ 
taining  perfect  photographs,  particularly  when  using  large -aperture  im¬ 
mersion  systems. 

•  * M 

Methods  of  Observing  and  Photographing  Living  Microorganisms  Under  Var¬ 
ious  Conditions 

Observation  through  the  bottom  of  a  Petri  dish.  When  it  is  neces¬ 
sary  to  study  the  development  of  microorganisms  on  dense,  transparent 
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nutritive  substrates  (agar  or  gelatin)  in  Petri  dishes  under  normal 
conditions  a  long-focus  water-immersion  objective  must  be  used,  since 
it  has  a  very  long  working  distance  (approximately  2  mm)  and  so  permits 
observation  of  the  developing  specimen  through  the  bottom  of  the  Petri 
dish  and  the  layer  of  agar  if  the  two  have  a  total  thickness  of  no  more 
than  1.8  mm.  When  using  a  water-immersion  objective  the  thin-walled  Pe¬ 
tri  dish  containing  the  culture  (with  its  cover  removed)  is  placed  on 
the  gelatin  side  of  a  fixed,  washed,  and  dried  photographic  plate  (the 

gelatin  layer,  which  absorbs  moisture  uniformly,  prevents  condensation 

/ 

on  the  bottom  of  the  chamber).  The  edge  is  smeared  with  several  drops 
of  wax  and  the  slide  is  placed  on  the  microscope  stage  and  positioned 
under  low  magnification.  A  drop  of  water  and  glycerine  is  placed  on  the 
slide,  the  objective  is  immersed,  and  the  specimen  is  located  and  exam¬ 
ined. 

Peshkov^  ID-shaped  chamber.  Until  recently  the  best  type  of  cham¬ 
ber  was  the  so-called  ID-shaped  chamber,  which  permits  use  of  a  numerical 
working  aperture  of  no  less  than  1.2  (M.A.  Peshkov,  1940;  Fig.  7).  A 
slide  no  more  than  0.5  mm  thick  is  flamed  and  set  up  so  as  to  be  abso¬ 
lutely  horizontal  (in  a  Koch  device  for  pouring  gelatin  plates).  A  lay¬ 
er  of  molten  transparent  agar  no  more  than  0.2  mm  thick  is  applied  to 
the  surface  of  the  slide.  The  medium  is  permitted  to  set  and  six  cuts 
are  then  made  with  a  sterile  scalpel,  removing  the  unneeded  strips  1 
and  2  from  the  grooves  thus  produced. 

We  thus  obtain  a  ffl-shaped  layer  of  medium;  only  the  medial  strip, 
which  is  bounded  by  air  spaces  on  the  right  and  left,  is  used  for  the 
culture.  The  two  outer  strips  and  the  base  of  the  letter  DI  are  used  to 
mount  the  cover  of  the  chamber,  a  cover  glass. 

The  medial  strip  is  inoculated  by  one  method  or  another  (even  if 
only  the  running -drop  method).  The  inoculated  chamber  is  quickly  cov- 
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ered  with  a  thin  sterile  cover  glass. 

The  medium  protruding  beyond  the  cover 
glass  is  cut  away  and  the  edge  of  the 
preparation  is  sealed  hermetically  with 
melted  paraffin  (as  described  below), 
using  a  tweezers. 

The  strip  of  medium  bounded  by  air 

spaces  on  either  side  guarantees  normal 

development  of  highly  aerophlllc  and 

facultatively  anaerobic  microbes,  since 

a  decreasing  partial  oxygen  pressure  is 

Pig.  7.  M.A.  Peshkov's  ni-  set  UP  ln  the  oxygen  diffusing  from 

shaped  chamber. 

the  grooves  toward  the  center  of  the  in¬ 
oculated  strip*  in  addition,  the  herme¬ 
tic  sealing  and  optical  homogeneity  of  the  chamber  prevents  evaporation 
of  moisture  and  the  consequent  disfocusing  of  the  specimen  inevitable 
with  other  types  of  microchambers,  which  greatly  hampers  Zeitraffer  mi¬ 
crocinematography. 

The  homogeneity  of  the  various  media  (glass,  agar,  and  glass), 
which  have  similar  indices  of  refraction,  makes  it  possible  to  use  the 
ID-shaped  chamber  with  an  immersion  condenser  (water  type)  and  to  study 
the  specimen  with  oil-immersion  objectives  with  numerical  aperture*  of 
1.3;  although  this  reduces  the  contrast  of  the  intracellular  details  of 
living  bacteria  or  other  cells,  it  permits  the  observer  to  see  far  more 
than  any  other  method.  Such  chambers  have  been  used  to  study  the  ex¬ 
tremely  fine  changes  in  the  cellular  structures  of  dividing  bacteria 
(M.A.  Peshkov,  1939-1955)- 

The  air-layer  chamber.  Another  type  of  microchamber  is  intended 
for  working  with  powerful  dry  or  immersion  systems,  although  it  reduces 
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the  working  aperture  of  the  objective  to  one.  A  drop  of  hot  meat-infu¬ 
sion  agar  is  applied  to  a  flamed  cover  glass  0.09  mm  thick  and  then 
quickly  drained  off.  The  cover  glass  is  held  vertically  In  a  Cornet 
forceps  until  it  is  certain  that  the  agar,  which  is  distributed  in  a 
very  thin  layer  over  the  glass,  has  dried  (the  total  thickness  of  the 
glass  and  agar  should  not  exceed  0.1  mm).  A  small  drop  of  the  inocula¬ 
tion  material  is  applied  to  the  surface  of  the  agar,  near  the  upper 
edge  of  the  cover  glass,  with  Pasteur  forceps.  It  runs  down,  leaving 
behind  a  track  containing  the  microorganisms  to  be  cultured.  The  run¬ 
ning  drop  is  drawn  off  with  a  fine  oapillary  tube  or  a  piece  of  sterile 
filter  paper.  The  culture  is  permitted  to  dry  for  no  more  than  2-4  min 
and  the  cover  glass  is  then  mounted  on  a  very  thin  slide  (no  more  than 
0.5  bbi  thick),  resting  with  the  culture  down  on  two  fine  capillary  tubes 
previously  attached  to  the  slide  with  wax;  a  thin  layer  of  1%  agar  is 
then  either  smeared  or  poured  over  the  slide.  This  precaution  is  neces- 
~ary  to  prevent  condensation  on  the  bottom  of  the  chamber. 

_ _ _  The  capillary  tubes  should  reach  to  the 


edges  of  the  cover  glass,  which  are  then 
smeared  with  hot  wax  or  paraffin  on  all  four 
sides.  This  is  best  done  with  a  heated  anatom¬ 
ic  forceps,  which  is  immersed  in  the  paraffin 
and,  having  picked  some  up,  is  drawn  like  a 

Fig.  8.  Von  Brun  oil  pen,  with  its  catch  slightly  loosened,  along 

chamber. 

the  very  edge  of  the  cover  glass,  thus  ensur¬ 
ing  oooplete  hermeticity  and  precise  preparation  of  the  chamber.  The 

i 

total  thickness  of  the  latter  (slide,  air  layer,  agar  layer,  and  cover 
glass)  should  not  exceed  1.5-1. 8  nan,  so  that  an  image  of  the  field  dia¬ 
phragm  can  be  obtained  in  the  specimen  plane.  As  may  be  seen  from  this 
description  of  the  chamber,  the  air  layer  between  the  slide  and  the  agar 
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film  does  not  permit  a  numerical  aperture  of  more  than  one  for  the  con¬ 
denser  and  objective  and  this  forces  us  to  use  the  chamber  without  an 
immersion  condenser,  since  the  latter  adds  nothing  of  value.  The  cham¬ 
ber  can  be  employed  for  very  precise  observation  of  bacterial  multipli¬ 
cation,  development,  and  spore  formation.  The  fact  that  the  numerical 
aperture  must  be  greater  than  one  enables  us  to  study  many  details  and 
structures  within  the  bacterial  cell. 

The  Von  Brun  oil  chamber.  The  so-called  Von  Brun  oil  chamber  has 
come  into  wide  use  in  recent  years,  having  yielded  invaluable  results 
i.\  a  number  of  microbiological  investigations  (Fig.  8). 

The  oil  chamber  can  be  built-up  (Fig.  8)  or  cut  into  a  slide.  A 
slide  0.5  mm  thick  is  used  to  prepare  a  built-up  chamber.  Two  glass 
strips  of  equal  thickness  are  positioned  10  mm  apart  in  the  center  of 
the  slide,  parallel  to  its  short  side,  and  glued  down  with  a  thick  al¬ 
coholic  solution  of  shellac.  The  strips  are  smeared  with  the  mixture, 
heated  in  a  Bunsen-bumer  flame  to  drive  off  the  alcohol,  and  laid  on  a 
strongly  heated  slide.  The  shellac  does  not  give  off  volatile  products 
and,  in  contrast  to  Canadian  balsam,  is  absolutely  harmless  to  biologi¬ 
cal  specimens. 

The  culture  is  prepared  in  the  manner  described  above  for  the  air- 
layer  chamber.  A  cover  glass  bearing  a  strip  of  agar  with  the  culture 
is  placed  on  the  glass  flanges  and  fastened  to  them  with  drops  of  a 
molten  mixture  of  wax  and  rosin  (1-3  parts  of  wax  and  1  part  of  rosin). 
Paraffin  or  pure  wax  cannot  be  used,  since  they  dissolve  in  the  vaseline 
oil  with  which  the  chamber  is  filled. 

The  preparation  is  quickly  examined  to  be  certain  that  all  its  com¬ 
ponents  are  immobile,  air  is  blown  through  the  chamber  with  a  rubber 
bulb  to  evaporate  the  condensed  water  on  its  bottom,  which  is  usually 
opposite  the  agar  strip,  and  the  chamber  is  rapidly  filled  with  vase- 
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line  oil  through  one  of  its  open  edges,  using  gravity  flow  from  a  Pas¬ 
teur  pipette.  The  oil  used  is  pharmaceutical  grade  and  need  not  be 
sterilized.  Pilling  continues  until  the  entire  agar  layer  has  been  cov¬ 
ered.  The  oil  drop  should  not  reach  to  the  edges  of  the  chamber,  al¬ 
ways  leaving  a  gap  (meniscus). 

The  very  edge  of  the  culture  should  be  used  for  observation,  since 
experience  has  shown  that  there  is  insufficient  oxygen  in  the  central 
portion  and  even  at  only  a  short  distance  from  the  edge,  which  distorts 
the  development  of  the  specimens.  The  chamber  cannot  be  prepared  in  a 
warm  dry  room,  since  this  would  cause  the  agar  layer  to  set  too  rapidly. 

The  total  thickness  of  the  chamber,  including  the  slide,  oil  layer, 
agar  layer,  and  cover  glass,  should  not  exceed  1.2-1. 5  mm,  since  it 
will  otherwise  be  impossible  to  focus  the  image  of  the  field  diaphragm 
in  the  specimen  plane  and  obtain  illumination  by  Keller's  method. 
MICROSCOPIC  EXAMINATION  OF  STAINED  MICROORGANISMS 
Prof.  M.A.  Peshkov 

Before  staining  a  microorganism,  smears  of  the  material  t;o  be 
studied  must  be  prepared  on  slides,  which,  because  of  the  optical  pro¬ 
perties  of  the  Abbe  condenser,  should  not  be  thicker  than  1-1.2  mm.  The 
slides  must  be  degreased,  which  is  done  by  immersing  them  in  concentra¬ 
ted  sulfuric  acid  for  24  hr  or  by  boiling  them  in  a  mixture  cf  6$  po¬ 
tassium  dichromate  and  6%  sulfuric  acid,  washing  them  carefully  with 
water,  and  storing  them  in  a  Jar  containing  96°  alcohol  until  they  are 
needed.  They  are  removed  from  the  alcohol  with  a  clean  surgical  forceps 
or  tweezers.  The  degreased,  alcohol-treated  slides  are  wiped  dry  with 
a  degreased  linen  rag  and  stored  dry  in  a  glass  jar  with  a  ground  stop¬ 
per. 

A  drop  of  water  placed  on  a  cold  degreased  slide  should  spread 
without  collecting  into  droplets.  A  loop  is  used  to  transfer  a  small 
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drop  of  sterile  tap  water  to  the  slide  and  then  to  pick  up  the  material 
to  be  examined  and  carefully  mix  it  into  the  drop  of  water,  making  cir¬ 
cular  movements  and  enlarging  the  area  occupied  by  the  drop.  A  broth 
culture  is  best  picked  up  with  a  Pasteur  pipette  and  a  drop  deposited 
on  the  slide.  Difficult -to-crush  substrates  from  fluid  or  solid  media 
are  mixed  with  a  drop  of  water  or  applied  directly  to  the  slide  (case¬ 
ous  lumps  from  tuberculous  sputum),  near  one  edge.  Another  slide  is 
placed  over  the  material  in  such  fashion  that  the  free  edges  of  the  two 
pieces  of  glass  face  in  opposite  directions;  these  edges  are  grasped 
w  ih  the  middle  and  index  fingers  of  both  hands  and,  spreading  the  ma¬ 
terial  between  them,  are  slid  apart  in  opposite  directions.  When  neces¬ 
sary,  if  the  material  is  wet  or  poorly  crushed,  the  slides  are  again 
juxtaposed  and  slid  apart.  A  third  specimen-preparation  method  is  the 
one  usually  employed  for  obtaining  blood  smears.  A  drop  of  blood  (or  an 
aqueous  bacterial  suspension)  is  applied  near  one  of  the  short  edges  of 
a  slide;  a  cover  glass  with  a  smooth  edge  or,  even  better,  a  slide  with 
polished  edges  is  inclined  at  an  angle  of  45°  to  the  first  slide  in  the 
direction  of  movement  and  slid  along  it.  As  a  result  of  capillary  action, 
the  material  is  picked  up  by  the  upper  slide,  carried  along  as  it  moves, 
and  smeared  over  the  lower  slide. 

As  soon  as  the  smear  has  dried  it  is  fixed,  i.e.,  the  bacteria  in 
it  are  killed  and  simultaneously  made  to  adhere  to  the  slide.  The  most 
common  method  of  bacterial  fixation  is  heat  treatment,  which  is  carried 
out  by  slowly  passing  the  smear  upward  three  times  through  the  flame  of 
an  alcohol  or  gas  burner.  The  entire  operation  should  take  no  longer 
than  5-6  sec  and  the  specimen  should  be  in  the  flare  for  a  total  of 
about  2  sec.  The  smear  should  not  be  overheated,  since  this  will  cause 
it  to  stain  poorly. 

Heat  fixation  is  obligatory  for  checking  microbial  staining  by  the 
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Oram  method. 

Bacteria  retain  their  body  shape  satisfactorily  during  heat  fixa¬ 
tion,  but  their  dimensions  are  altered  by  shriveling.  As  for  cellular 
inclusions  rnd  other  structures,  volutin  grains  and  even  endogenous 
spores  can  be  fixed  by  heat  (for  gross  examination),  but  this  procedure 
cannot  be  employed  for  flagella,  protoplasm,  the  nucleus,  blood  speci¬ 
mens,  or  organ  smears. 

In  such  cases  the  smears  must  be  fixed  in  methyl  alcohol  for  5  min, 
ethyl  alcohol  for  20  min,  Nikiforov's  fluid  (a  mixture  of  equal  volumes 
of  ethyl  alcohol  and  ether)  for  20  min,  and  a  formol -alcohol  mixture 
(5  ml  of  undiluted  commercial  formalin  and  95  ml  of  96°  ethyl  alcohol) 
for  15  min. 

The  prestaining  fixative,  particularly  in  studying  fine  bacterial 
structure,  is  Carnoy's  solution  (60  ml  of  96*  ethyl  alcohol,  30  ml  of 
chloroform,  and  10  ml  of  glacial*  acetic  acid),  in  which  the  specimen 
is  fixed  for  15  min.  This  solution  cannot  be  used  to  fix  blood  smears 
or  6mears  of  internal  organs,  since  it  causes  complete  erythrocytic  he¬ 
molysis. 

Microbiological  Staining  Methods 

The  following  are  the  most  satisfactory  stains.  Reds:  basic  fuch- 
sin  (diamond  fuchsin,  rosanaline  sulfate,  or  pararosanaline ),  acid 
fuchsin  (rubln),  neutral  red,  safranine,  and  Congo  red.  Violets:  gen¬ 
tian  violet,  methyl  violet,  crystal  violet,  and  dahlia  (Lauth's  violet). 
Blues:  methylene  blue,  toluidine  blue,  opal  blue,  and  ana line  blue. 

Greens :  malachite  green,  brilliant  green,  and  light  green.  Yellow-browns : 
chrysoidin,  vesuvin,  and  certain  others.  In  some  cases  (methylene  blue, 
gentian  violet,  and  crystal  violet)  saturated  alcoholic  solutions  are 
prepared  first  (1  g  of  dye  in  10  ml  of  96°  alcohol)  and  alcohol -aqueous 
solutions  are  then  made  up  from  these,  mixing  1  ml  of  stain  with  lo  ml 
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of  distilled  water.  The  basic  laboratory  stains,  which  must  always  be  at 
hand,  are  Ziehl's  fuchsin  (from  which  Pfeiffer's  fuchsin  is  prepared  by 
dilution),  Loeffler's  methylene  blue,  a  set  of  reagents  for  Oram  stain¬ 
ing,  and  Romanowsky's  stain.  The  dye  solutions  are  stored  in  pipettes, 
which  are  kept  in  a  refrigerator  equipped  with  slots  to  hold  them.  In 
staining  a  specimen  the  slide  is  placed  on  a  glass  base.  When  heating 
is  involved  the  slide  is  grasped  in  a  Cornet  forceps  or  an  improvised 
wire  clamp. 

Ziehl's  carbol  fuchsin: 

Basic  fuchsin  -  1  g 
96°  alcohol  -  10  mg 

Crystalline  carbolic  acid  (Acidum  carbolicum  liquefactum  can 
be  used)  -  5  g. 

The  fuchsin  is  ground  in  a  mortar,  the  carbolic  acid  and  alcohol 
are  stirred  in,  and  100  ml  of  distilled  water  is  added  in  small  por¬ 
tions.  This  solution  keeps  very  well  and  Is  used  to  stain  spores  and 
acid-fast  microorganisms.  Pfeiffer's  fuchsin  is  used  for  simple  stain¬ 
ing  of  smears. 

Pfeiffer's  fuchsin: 

Ziehl's  fuchsin  -  1  ml 
Distilled  water  -  9  ml 

Staining  is  rapid  (10-30  sec).  The  solution  deteriorates  on 
standing;  it  is  prepared  ex  tempore  and  should  be  used  no  later  than 
the  day  following  preparation. 

Loeffler's  methylene  blue: 

Methylene  blue  in  saturated  alcoholic  solution  -  30  ml 

Distilled  water  -  100  ml 

1%  aqueous  potassium  hydroxide  -  1  ml 

This  solution  is  stable.  Its  staining  power  and  its  capacity  for 
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metachromatic  staining  of  nucleic  compounds  increase  during  storage,  as 
a  result  of  azure  formation. 

For  simple  staining  of  smears  (fixed  as  described  above)  Pfeiffer's 
fuchsin  or  Loeffler's  methylene  blue  is  poured  over  the  specimen  and 
permitted  to  act  for  no  more  than  1  min  in  the  first  case  (restaining 
is  possible)  and  for  3-10  min  in  the  second  case  (restaining  is  not 
possible).  The  dye  is  poured  off,  the  smear  is  rinsed  with  distilled 
water  and  dried  (by  thorough  blotting  with  a  piece  of  filter  paper, 
taking  care  not  to  slide  it  sideways,  which  damages  the  smear),  and  the 
specimen  is  examined  with  an  immersion  system. 

Special  and  Differential  Stains 

Staining  by  Oram's  method  -  see  page  60. 

Staining  of  acid-fast  microorganisms.  Staining  by  Zlehl-Neelson 's 
method.  1.  A  piece  of  filter  paper  is  placed  on  a  heat -fixed  smear  pre¬ 
pared  from  suppurative  lumps  taken  from  the  sputum  and  crushed  between 
two  slides  (see  page  36);  Zlehl's  fuchsin  is  then  poured  onto  the  fil¬ 
ter  paper  and  heated  until  vapor  is  given  off.  The  preparation  is  cooled, 
the  paper  is  removed  with  a  tweezers,  and  the  smear  is  washed  with  wa¬ 
ter. 

2.  The  specimen  is  bleached  with  5#  sulfuric  acid  until  it  has  a 
yellowish  tint. 

3.  The  smear  is  carefully  wadied  with  water. 

4.  The  specimen  is  rinsed  with  96°  ethyl  alcohol  (this  stage  Is 
often  omitted  in  the  laboratory). 

5.  The  smear  is  again  rinsed  with  water  and  stained  with  Loeffler's 
methylene  blue  for  3-5  min. 

ftycobacterium  tuberculosis  is  stained  ruby  red,  while  the  remain¬ 
ing  acid-susceptible  microflora  is  stained  blue. 

It  is  convenient  to  use  Sinev's  modification:  the  filter  paper  is 
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impregnated  with  an  alcoholic  solution  of  the  dye  (2$  alcohol  fuchsin), 
dried,  cut  into  strips  of  the  same  size  as  the  slides,  and  stored  until 
needed.  Several  drops  of  distil]ed  water  are  applied  to  the  fixed  speci¬ 
men  and  the  stained  filter  paper  is  placed  over  it  and  heated  until  va¬ 
por  is  given  off;  one  then  proceeds  as  in  the  method  described  above, 
beginning  at  the  end  of  stage  1. 

Staining  bacterial  spores.  In  observing  unstained  living  spores 
the  light  is  greatly  refracted  by  the  oval  structures  located  centrally 
or  terminally  in  bacilliform  or  distended  individuals.  In  staining  a 
sc ->re -culture  smear  with  Pfeiffer's  fuchsin  or  Loeffler's  methylene 
blue  or  by  Gram's  method  the  spore  rudiments,  or  so-called  prospores, 
readily  absorb  basic  stains.  As  recent  research  has  shown,  the  resis¬ 
tance  of  fixed  spores  to  staining  apparently  results  solely  from  the  im¬ 
permeability  of  their  membranes;  however,  this  resistance  is  greatly 
altered  by  brief  treatment  with  hydrochloric  acid  heated  to  60°.  This 
property  of  dilute  hydrochloric  acid  was  noted  by  Auyeshkiy,  who  pro¬ 
posed  a  method  for  staining  bacterial  spores. 

Auyeshkiy 's  method.  1.  A  smear  of  the  sporulating  culture  is  air- 
dried. 

2.  A  0.5#  hydrochloric  acid  solution  is  poured  over  the  unfixed 
specimen  and  heated  for  2  min  (until  vapor  is  given  off);  when  the  pre¬ 
paration  has  cooled  the  acid  is  poured  off  and  the  smear  is  washed  with 
water,  dried,  and  heat -fixed. 

3.  As  in  the  identification  of  Mycobacterium  tuberculosis,  the 
specimen  is  stained  for  one  min  with  Zlehl's  carbol  fuchsin  under  gei  - 
tie  heating  and  then  permitted  to  cool,  without  removing  the  dye. 

4.  The  specimen  is  immersed  in  5#  sulfuric  acid  for  several  se¬ 
conds  (in  order  to  decolorize  the  vegetative  bodies)  and  rinsed  with 
water. 
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5.  Staining  Is  carried  out  with  Loeffler'o  methylene  blue  or  1 * 
aqueous  malachite  green  for  2  min;  the  smear  Is  rinsed  with  water, dried, 
and  examined  with  an  Immersion  system.  The  spores  are  stained  red  and 
the  bacterial  bodies  blue.  In  many  cases  it  Is  sufficient  to  treat  the 
specimen  by  Zlehl-Neel3on's  method  to  stair,  the  spores. 

A  simple  spore -staining  technique  which  requires  no  chemical  mor¬ 
dants  or  differentiating  agents  is  Peshkov's  method  (1919-1924). 

1.  The  smear  is  fixed  by  flaming  or  with  alcohol  formal. 

2.  Loeffler’s  methylene  blue  is  applied  to  the  fixed  smear  and 
heated  to  boiling  by  periodically  introducing  the  slide  into  a  Bunsen- 
bumer  flame  for  15-30  sec. 

3.  The  specimen  is  rinsed  with  water  and  stained  for  30  sec  with 
0.5*  aqueous  neutral  red.  It  is  then  washed  with  distilled  water,  dried, 
and  examined  with  an  oil -immersion  objective.  The  spores  are  blue  or 
dark  blue,  while  young  spores  are  blue -black  and  prosperes  violet-blue. 
The  protoplasm  of  vegetative  foriu  vipears  reddish,  while  its  chromatin 
elements  are  violet. 

Differential  staining  of  the  chromatin  (nuclear)  and  metachromatln 
(volutin)  elements  of  bacterial  cells  by  Meyer's  method.  Metachromatin, 
or  volutin,  occupies  a  specia1.  place  among  the  storage  inclusions  ob¬ 
served  in  bacteria  (fats,  glycogen,  or  pigments),  since  the  bacterio- 
scopic  diagnosis  cf  diphtheria  is  based  on  its  presence  and  special  lo¬ 
cation  in  Loeffler's  bacillus. 

Two  smears  are  prepared  from  the  material  to  be  examined  (by  the 
method  used  for  blood  smears).  These  are  fixer,  with  hont  or  Carnoy's 
solution  (for  5-15  min),  the  latter  technique  being  better  for  preser¬ 
vation  of  other  cellular  structures.  They  are  then  stained  for  10  min 
with  Loeffler’s  methylene  blue;  after  staining  one  smear  is  immersed 
for  5  min  in  1*  aqueous  sulfuric  acid  (H2S0^)  and  the  other  is  immersed 
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for  the  same  time  in  4#  aqueous  potassium  carbonate  (KgCO^)*  After  the 
smears  have  been  differentiated  by  labeling  them  A  (acid)  and  AL  (al¬ 
kali)  with  a  grease  pencil  they  are  dried  with  filter  paper  (without 
rinsing)  and  the  acid-treated  specimen  is  stained  with  0.25#  aqueous 
chrysoidin.  When  both  specimens  are  examined  with  an  oil -immersion  ob¬ 
jective  it  is  seen  that  if  volutin  is  present  it  has  a  cherry  red  col¬ 
or  in  preparation  A,  while  the  bacterial  somae  are  light  brown.  The  al¬ 
kali  treatment  (preparation  AL)  stains  the  volutin  even  if  it  is  par¬ 
tially  dissolved,  but  the  basophilic  sections  of  the  cytoplasm  are  not 
decolorized.  Preparation  AL  consequently  exhibits  weakly  stained  somae 
a.d  hollows  at  the  sites  of  the  volutin  granules.  In  all  Investigations 
of  volutin  one  should  make  use  of  its  low  solubility  in  boiling  water 
(for  5  min)  or  in  one  N  hydrochloric  acid  at  60°  (for  6-7  min).  Hollows 
are  seen  at  the  sites  of  the  volutin  granules  in  preparations  treated 
by  either  of  these  methods;  these  areas  are  never  stained,  since  the 
volutin  has  dissolved. 

The  nuclear  elements  and  volutin  granules  of  bacteria  can  be 
stained  by  Romanowsky-Giemsa *s  method  after  fixation  with  methyl  alco¬ 
hol,  alcoholic  formal,  or  Camoy's  solution  (in  the  latter  case  the 
specimen  must  be  washed  with  alcohol  and  carefully  drfsd  in  air  to  re¬ 
move  all  traces  of  the  acetic  acid).  A  slightly  more  alkaline  solution 
(pH  —  7-2)  should  be  used  for  Romanowsky-Giemsa  staining  than  for  the 
staining  of  blood  smears  (pH  =  6.8-7).  The  aqueous  reaction  for  Roman¬ 
owsky-Giemsa  staining  is  set  up  in  the  following  manner.  A  chemical 
beaker  with  a  capacity  of  250  ml  is  piced  on  a  sheet  of  white  paper 
near  a  window.  A  total  of  200  ml  of  distilled  water  is  poured  into  it 
and  a  3mall  drop  of  0.5#  aqueous  neutral  red  is  added,  so  that  the  li¬ 
quid  appears  to  be  tinted  light  red  when  viewed  from  above.  (If  the  wa¬ 
ter  is  not  tinted  its  reaction  is  above  pH  -  7.0;  adding  more  water  or 
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a  negligible  quantity  of  acetic  acid  then  causes  a  reddish  hue  to  ap¬ 
pear.  )  A  Vf>  aqueous  solution  of  sodium  carbonate  (NagCO^)  is  prepared 
separately  and  added  drop  by  drop  to  the  colored  water,  which  is  stirred 
with  a  glass  rod  after  each  drop  of  soda  solution.  No  changes  occur  at 
first.  After  several  drops  of  soda  have  been  added  the  solution  is  de¬ 
odorized,  but  not  for  long;  the  reddish  tint  returns  after  it  is 
stirred.  As  many  additional  drops  of  soda  are  then  added  as  are  neces¬ 
sary  to  cause  the  reddish  tint  to  disappear  and  not  return  within  3 
min.  The  alkalized  water,  which  contains  neutral  red  as  an  indicator, 
ks  used  to  dilute  the  Rom^nowsky-Oiemsa  stain  or  Laveran's  azure-eosln 
'{see  below).  The  traces  of  neutral  red  which  remain  in  the  water  do  not 
affect  the  stain.  For  staining  by  Romanowsky-Giemsa 's  method,  2  drops 
of  the  commercial  stain  are  added  to  1  ml  of  water.  The  preparation  is 
laid  smear  down  in  a  Petri  dish,  matches  or  pieces  of  broken  slides  be¬ 
ing  inserted  beneath  its  edges.  The  stain  is  poured  in  from  the  side 
so  that  it  wholly  covers  the  smear,  without  bubbles.  Staining  lasts  for 
from  1  to  24  hr.  It  is  recommended  that  each  new  batch  of  water  or 
stain  be  checked  on  a  blood  smear,  which  should  take  on  a  reddish-vio¬ 
let  hue.  The  preparation  is  removed  from  the  stain,  rinsed  with  water 
at  pH  ■■  7.2,  and  examined  with  an  immersion  objective.  The  erythrocytic 
protoplasm  should  be  reddish  and  the  leucocytic  nuclei  reddish-violpt; 
depending  on  the  type  of  cell,  the  leucocytic  protoplasm  should  be  blue 
(lymphocytes),  gray -blue  (monocytes),  or  reddish  (neutrophils).  The  oxy¬ 
philic  granularity  of  the  eosinophils  should  be  clearly  visible. 

If  a  smear  of  a  18-hr  culture  of  bacteria  of  the  colon-typhoid- 
dysentery  group  is  subjected  to  such  treatment  and  ex- mined  microscop¬ 
ically,  it 8  nuclear  elements,  which  are  stained  a  reddish-violet,  are 
clearly  seen  embedded  in  the  cytoplasm,  which  is  stained  a  weak  reddish 
color.  These  elements  are  spherical  or  elongate  in  shape  and  are  ar- 

-  44  - 


rayed  along  the  length  of  the  cell  (M. A.  Peshkov,  1 9^*5  —1 9^8 ) . 

If  a  younger  culture  is  used  the  cytoplasm  is  stained  a  blue -vio¬ 
let  (basophilia);  the  Intensity  of  the  staining  increases  as  the  age 
of  the  culture  decreases  and  the  size  of  its  individuals  increases  (the 
physiological  giantism  and  basophilia  of  young  forms).  As  a  result  of 
the  accumulation  of  ribonucleotides,  the  affinity  of  the  cytoplasm  of 
young  forms  for  basic  stains  is  so  large  that  its  deep  violet  color 
masks  the  stained  nuclear  elements,  which  can  be  seen  only  by  using  a 
special  blue-green  filter  (M.A.  Peshkov  and  A.N.  Belozerskiy,  1948). 

Romanowsky-Oiemsa 's  method  stains  both  the  nuclear  elements  (a 
darker  reddish-violet)  and  volutin  (a  cherry  red,  as  in  Meyer's  method, 
since  staining  is  with  azures  in  both  cases)  of  Corynebacterium  diph- 
theriae  (M.A.  Peshkov,  1947-1948). 

M.A.  Peshkov  (1943)  suggested  that  the  cytoplasm  of  bacteria  which 
stain  poorly  by  Romanowsky-Oiemsa 's  method  in  "mature"  cultures  (18-24 
hr)  be  treated  by  Oiemsa's  method  and  stained  with  an  acidified  solu¬ 
tion  of  light  green  (30  sec  in  0.25 #  aqueous  light  green  acidified  with 
1-2  drops  of  acetic  acid  per  100  ml  of  stain). 

This  procedure  gives  the  soma  a  bright  green  or  blue -green  color 
and  the  nuclear  elements  a  reddish-violet  color. 

Pekarskly  proposed  another  method  of  treating  bacteria  to  show 
their  nuclear  elements.  Smears  fixed  by  Camoy's  method  are  subjected 
to  weak  hydrolysis  for  7  min  in  1  N  hydrochloric  acid  at  60*  (as  in  the 
first  stage  of  the  Feulgen  reaction)  and  then  rinsed  to  remove  all  tra¬ 
ces  of  the  acid  and  stained  by  Romanowsky-Oiemsa 's  method  (1  hr  at  37* 
or  24  hr  at  room  temperature).  During  restaining  the  protoplasm  is  dif¬ 
ferentiated  with  96*  alcohol  or  with  acetone-xylol  mixtures**  1  seo  in 
acetone,  10  sec  in  a  mixture  of  14  parts  of  acetone  to  6  parts  of  xylol, 
10  sec  in  a  mixture  of  6  parts  of  acetone  to  14  parts  of  xylol,  and 
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1  seo  In  pure  xylol.  This  procedure,  which  Is  Intended  to  hydrolyze  and 
remove  the  ribonucleotides  soluble  In  dilute  hydrochloric  acid,  which 
mask  the  color  of  the  nuclear  elements,  gives  the  chromatin  elements  a 
dark-red  color  and  the  protoplasm  a  reddish  color.  Just  as  in  the  Giem- 
sa  light-green  method,  the  specimen  can  be  stained  with  light  green  to 
produce  a  very  effective  pattern  (green  cytoplasm  and  polar  caps  and 
red  nucleus),  although,  for  photographic  purposes,  it  is  better  not  to 
use  a  green  stain  (since  it  is  difficult  to  obtain  a  clear  image  of  the 
green  cytoplasm  and  red  nucleus  in  a  monochromatic  photograph),  but  to 
leave  the  cytoplasm  reddish  or  to  stain  the  soma  with  eosln  or  acid  and 
then  with  basic  fuchsin,  in  order  to  obtain  a  clear  contour  in  photo¬ 
graphs  taken  through  a  green  filter. 

Investigation  of  Mobility  and  Observation  and  Staining  of  Flagella  and 
Capsules  in  Living  Bacteria 

Mobility  is  investigated  by  the  classical  technique,  using  the 
hanging-drop  method.  Hanging-drop  observations  always  begin  with  dry 
systems:  the  edge  of  the  drop  is  found  and  brought  into  the  center  of 
the  field  and  the  objective  is  then  replaced  by  a  more  powerful  one.  An 
immersion  objective  is  used  when  necessary,  although  active  mobility  is 
easily  seen  under  low  magnification.  Bacterial  mobility  is  distinguished 
from  the  molecular  Brownian  movement  always  observed  by  the  fact  that 
Individuals  swim  through  the  field  of  vision,  making  rotary  and  circu¬ 
lar  movements,  which  cease  if  the  culture  under  study  is  killed  by  heat, 
a  drop  of  formalin,  or  formalin  vapor. 

In  large-scale  investigations  of  the  mobility  of  various  bacterial 
strains  preparation  of  dozens  and  sometimes  even  larger  numbers  of  spe¬ 
cimens  by  the  hanging -drop  method  is  very  tedious  and  unnecessary, 
since  the  active  mobility  of  a  given  broth  or  agar  culture  can  be  de¬ 
termined  with  equal  success  by  applying  a  drop  of  broth  or  condensation 


water  to  a  slide  and  examining  it  under  moderate  magnification,  without 
placing  a  cover  glass  over  it.  A  semifluid  medium  can  be  used  for  mac¬ 
roscopic  determination  of  mobility  in  diagnostic  laboraties  occupied  in 
analyzing  feces  for  members  of  the  family  Enterobacteriaceae  (page  238). 

If  it  becomes  necessary  to  study  the  flagellar  apparatus  of  living 
bacteria  this  is  done  by  dark -field  examination  of  the  culture,  using 
Neumann's  method  (1925). 

As  is  well  known,  the  flagella  of  different  bacteria  vary  greatly 
in  thickness.  Certain  monotrichates  have  very  thick  flagella  (0.1  p). 

I r.  such  lophotrichates  as  the  Spirilleae  (the  contents  of  the  rectum 
and  mid-gut  of  the  oriental  cockroach  Periplaneta  orientalis  should  be 
used  to  demonstrate  Spirilleae)  the  locomotor  apparatus  consists  of 
numerous  (up  to  30)  individual  flagella  combined  into  a  powerful  sword¬ 
shaped  organ,  which  is  easily  visible  in  both  light  and  dark  fields. 

The  extremely  powerful  complex  flagella,  or  flagellar  "plates,”  of  spe¬ 
cimens  of  Proteus  taken  from  a  swarming  area  are  also  easily  seen 
against  a  light  field. 

Another  method,  involving  dark-field  observation,  was  proposed  by 
Neumann  (1925).  This  method  is  based  on  the  tendency  of  individual  fine 
flagella  to  combine  into  complex  "plates"  under  the  Influence  of  a  vis¬ 
cous  medium  and  a  somewhat  elevated  electrolyte  content. 

Method  1.  A  total  of  10#  powdered  pure  gum  arable  is  added  to  a 
meat-infusion  broth  with  an  increased  (l#)  sodium  chloride  content.  The 
mixture  is  heated  to  dissolve  the  gum  and  then  clarified,  like  gelatin, 
with  henfe  egg  albumin.  A  drop  of  the  clarified  medium  is  checked  in  a 
dark  field  to  be  sure  that  there  are  no  granules.  It  must  be  completely 
pure  and  contain  no  luminous  grains.  If  such  grains  are  present,  the 
clarified  broth  is  centrifuged  to  remove  them.  Once  it  is  certain  that 
all  the  granules  have  been  removed,  the  broth  is  divided  into  small 
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portions,  poured  Into  ampules  (containing  no  more  than  0.25-0.5  ml), 
sealed  up,  and  sterilized  in  a  Koch  apparatus  or  under  pressure.  The 
broth  can  be  stored  for  years  and  is  always  ready  for  use. 

In  investigating  Proteus  it  is  necessary  to  take  material  from  the 
swarming  zone  or,  if  the  culture  is  made  in  the  middle  third  of  an  agar 
slant,  to  take  a  drop  of  condensation  water  as  soon  as  the  swarming 
zone  reaches  it.  For  other  bacteria  18-hr  agar  cultures  are  used.  Ob¬ 
serving  all  the  rules  for  preparation  of  dark-field  specimens  (page  23), 
a  small  drop  of  the  broth  is  applied  to  a  slide  and  a  loop  bearing  the 
material  to  be  examined  is  immersed  in  it  several  times  (care  must  be 
taken  not  to  tear  off  the  flagella).  Having  made  a  suspension  of  the 
bacteria  (it  is  not  superfluous  to  be  sure  beforehand  that  they  will 
exhibit,  active  movement)  and  examined  them  against  a  light  field  in  a 
hanging  drop  of  the  same  broth,  a  thin  cover  glass  is  placed  over  the 
drop  in  such  fashion  that  the  latter  spreads  to  the  edge  of  the  glass 
and,  entering  the  capillary  space  between  the  slide  and  the  never  glass, 
forms  a  very  thin  liquid  layer j  if  this  is  not  properly  done  it  will  be 
impossible  to  see  the  flagella.  Many  flagella  are  torn  away,  becoming 
tangled  into  thick  threads  and  plates,  when  the  cover  glass  is  applied. 
Staining  of  flagella 

The  staining  of  bacterial  flagella  is  one  of  the  most  precise  of 
microscopic  operations.  Despite  the  multiplicity  of  methods  proposed  at 
various  times,  one  of  the  oldest,  Loeffler's  method  (which  is  described 
here  In  slightly  modified  ferm),  is  especially  reliable. 

1.  A  18-hr  agar  culture  grown  at  the  temperature  optimum  for  the 
species  to  be  Investigated  is  used.  A  small  quantity  of  material  is  ta¬ 
ken  with  a  loop  or  Pasteur  forceps  from  the  lower  portion  of  the  cul¬ 
ture,  but  not  from  the  condensation  water  (the  test-tube  is  not  framed 
and  a  cold  loop  is  used). 
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A  total  of  5 -6  ml  of  tap  water  at  the  temperature  at  which  the  mi¬ 
crobes  were  grown  is  added  to  the  test-tube.  Physiological  sodium  chlo¬ 
ride  solution  cannot  be  used.  The  loop  or  forceps  bearing  the  fragment 
of  material  is  carefully  immersed  in  the  water  and  left  there  until  the 
bacterial  mass  breaks  up.  A  drop  of  this  suspension  is  examined  micro¬ 
scopically  to  check  the  mobility  of  the  bacteria.  If  the  culture  is  im¬ 
mobile  it  should  not  be  stained,  although  flagellar  staining  may  suc¬ 
ceed  in  temporarily  immobile  cultures.  A  thick  suspension  cannot  be 
used. 

2.  A  drop  of  the  suspension  is  then  applied  to  a  clean  watch  glass 
ar.-i  a  drop  of  2 %  osmic  acid  is  added  to  it.  After  careful  mixing  a  se¬ 
cond  watch  glass  is  placed  over  the  first  and  a  cover  glass  is  prepared 
for  the  specimen.  (If  r.o  osmic  acid  is  available  step  2  can  be  omitted, 
although  the  results  obtained  are  not  as  good). 

3.  A  clean  cover  glass  is  taken  in  a  Cornet  forceps  and  slowly 
passed  through  the  hot  part  of  an  alcohol  or  Bunsen-bumer  flame  3  or 
4  times.  It  is  then  permitted  to  cocl.  A  small  quantity  of  the  suspen¬ 
sion  Is  taken  from  the  hourglass  with  a  Pasteur  pipette  equipped  with  a 
very  fine  tip  (it  is  taken  directly  from  the  test-tube  if  step  2  Is 
omitted)  and  5  small  drops  are  applied  to  the  flamed  side  of  the  cover 
glass.  One  drop  is  placed  in  the  center  of  the  glass  and  the  four  others 
near  its  corners;  they  should  be  spread  over  its  surface.  They  will  not 
spread  if  the  glass  has  been  poorly  degreased  by  flaming:  it  Is  useless 
to  stain  such  a  preparation.  The  drops  are  permitted  to  dry  and  the 
glass  is  taken  in  a  forceps  and  passed  rapidly  once  through  a  Bunsen- 
bumer  flame  (if  :he  flagella  cannot  be  stained  this  mild  fixation  must 
be  omitted). 

4.  A  mordant  containing  the  following  solutions  is  prepared: 

1.  Saturated  alcoholic  basic  fuchsin.  This  is  prepared  by  adding 
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1-2  large  crystals  of  fuchsln  to  10  ml  of  96*  ethyl  alcohol;  the  test- 
tube  Is  left  to  stand  in  a  heater  or  water  bath  at  50°  for  1-2  hr. 

II.  A  20#  aqueous  solution  of  tannin 

III.  A  cold  saturated  aqueous  solution  of  Mohr's  salt  (ferrous 
ammonium  sulfate).  The  mordant  Is  prepared  by  mixing  1  ml  of  solution 

I  (fuchsln)  with  10  ml  of  solution  II  (tannin)  and  adding  5*5  ml  of  so¬ 
lution  III  (Mohr's  salt). 

The  best  results  are  obtained  with  a  mordant  which  has  been  per¬ 
mitted  to  age  for  a  day  or  more. 

Not  all  types  of  tannin  can  be  used  to  prepare  the  mordant.  The 
necessary  type  Is  selected  on  the  basis  of  experience.  A  mordant  which 
works  poorly  can  be  corrected  by  adding  0.1-0. 2  ml  of  1  N  potassium 
hydroxide  to  each  10  ml. 

The  staining  of  flagella  consists  of;  l)  preparation  for  staining, 
during  which  the  diameter  of  the  flagella  increases  as  a  result  of  pre¬ 
cipitation  of  the  mordant;  2)  staining  of  the  mordant -treated  specimen 
with  one  of  the  basic  stains. 

The  first  procedure  is  carried  out  as  follows.  An  excess  of  fil¬ 
tered  mordant  Is  poured  over  the  fixed  specimen  and  left  on  the  cover 
glass  for  10-15  min.  Care  must  be  taken  that  the  mordant  does  not  flow 
off  the  glass,  beneath  the  forceps,  or  onto  the  lower  side  of  the  glass; 
it  should  not  be  permitted  to  dry.  When  the  necessary  time  has  elapsed 
the  mordant  is  washed  off  with  a  strong  stream  of  distilled  water  and 
the  glass  is  rinsed  until  all  traces  of  the  mordant  have 'been  removed 
(approximately  30  sec).  The  reddish  border  of  dried  mordant  is  removed 
from  the  edge  of  the  cover  glass  with  a  thin  rag.  The  specimen  is  then 
again  washed  with  distilled  water. 

The  second  procedure,  staining,  is  carried  out  by  placing  the  mor¬ 
dant-treated  specimen  smear  down  in  a  watch  glass,  to  which  Ziehl's  car- 
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bol  fuchsin  diluted  half-and-half  with  water  (filter  the  stain I)  is  ad¬ 
ded.  Staining  lasts  2-5  min  and  the  specimen  is  then  washed  with  water, 
dried,  and  embedded  in  Canadian  balsam.  All  5  drops  must  be  examined, 
since  it  is  quite  often  possible  to  stain  the  flagella  in  only  one  area 
of  the  preparation. 

Observation  of  the  capsules  of  living  bacteria.  A  drop  of  the  bac¬ 
terial  suspension  is  applied  to  a  slide  and  a  drop  of  saturated  aqueous 
Congo  red  (3#;  boiled  and  cooled  before  use)  or  10#  freshly  boiled 
aqueous  opal  blue  (prepared  by  Epstein’s  method)  is  added  to  it.  The 
..u^ension  and  stain  are  combined  and  a  small  drop  of  the  mixture  is 
applied  to  a  clean  slide;  a  cover  glass  is  dropped  over  it  and  the  ex¬ 
cess  fluid  is  blotted  up  with  a  piece  of  filter  paper,  which  is  pressed 
against  the  glass  with  the  index  finger.  The  paper  absorbs  the  excess 
fluid  and  a  capillary  layer  of  stain,  in  which  the  bacteria  lie  in  a 
single  layer,  is  formed  in  the  center  of  the  compressed  drop.  It  is  ne¬ 
cessary  to  be  certain  that  the  convex  side  of  the  cover  glass  (which  is 
always  slightly  curved)  is  toward  the  fluid,  since  it  would  otherwise 
be  impossible  to  press  it  down  and  obtain  a  thin  liquid  layer. 

If  the  specimen  Is  correctly  prepared  and  the  microscope  objective 
is  focused  on  the  thin,  almost  colorless  area  where  the  cover  glass  is 
most  tightly  pressed  down  (held  by  suction),  live  bacteria  and,  when 
capsules  are  formed,  the  light  aureoles  around  their  soraae  may  be  clear 
ly  seen.  A  clearer  capsule  pattern  is  obtained  when  opal  blue  is  used. 
It  should  be  added  that,  using  the  method  described  above,  Congo  red  or 
1#  eosin  in  physiological  sodium  chloride  solution  (yellowish  eosin, 
eosin  sodium,  or  eosin  potassium)  can  permit  rough  evaluation  of  the 
relative  number  of  live  and  dead  bacteria  in  a  given  population.  Enri- 
ci's  method  (1928)  is  based  on  the  fact  that  dead  bacteria  are  slowly 
stained  by  Congo  red  and  eosin,  while  live  bacteria  are  not  stained. 


appearing  as  light,  well-outlined  spots,  and  are  often  optically  tinted 
In  a  color  complimentary  to  the  background  hue  (If  the  backgrouns  Is 
red,  live . baoterla  appear  sllghbly  greenish). 

Negative  methods  of  Investigating  capsules  and  bacteria.  Burrl's 
method.  The  best  liquid  natural  Ink  Is  diluted  10  times  with  distilled 
water  (dry  India  Ink  can  be  ground  to  the  same  consistency)  and  centri¬ 
fuged  for  an  extended  period.  The  supernatant  layer  Is  then  drawn  off 
and  examined  with  an  Immersion  objective  to  make  sure  that  no  coarse 
granules  are  present.  If  the  Ink  Is  good  0.1  ml  portions  are  poured  into 
capillary  tubes,  which  are  sealed  and  sterilized  in  an  autoclave.  The 
specimen  is  prepared  by  emptying  the  contents  of  a  capillary  tube  near 
one  of  the  short  edges  of  a  slide  and  adding  a  drop  of  the  material  to 
be  Investigated  (biopsy  material  from  a  hard  chancre,  material  contain¬ 
ing  encapsulated  bacteria,  or  cultures  of  Leptospira).  The  material  Is 
carefully  mixed  with  the  ink  and  a  thin  smear  of  the  blood-smear  type  is 
prepared,  using  a  cover  glass  or  a  polished  slide  with  truncated  cor¬ 
ners.  The  specimen  Is  examined  as  soon  as  It  is  dry,  without  fixation. 
The  bacteria  or  spirochetes  are  white  and  clearly  defined  against  a 
gray  background.  In  addition  to  ink,  10#  opal  blue  (Epstein),  3#  Congo 
red,  10#  nigrosin,  or  2#  collargol  can  be  used  for  negative  preparations 
of  the  Burri  type.  Acid  substrates  cannot  be  treated  by  negative  meth¬ 
ods;  In  order  to  avoid  precipitation  they  must  first  be  carefully  neu¬ 
tralized,  even  if  only  with  ammonia.  With  any  negative  preparation 
method  it  must  be  taken  Into  account  that  the  bacteria  have  not  been 
killed  and  can  still  be  a  source  of  infection  (as  can  those  in  prepara¬ 
tions  carefully  heat -fixed). 

Staining  of  bacterial  capsules 

Anthony's  method 

1.  The  smear  is  air-dried  and  stained,  without  fixation. 
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2.  Staining  Is  In  cold  l£  aqueous  crystal  violet. 

3>  The  stain  Is  washed  off  with  20 %  aqueous  copper  sulfate  (CuSO^). 

4.  The  specimen  is  dried,  but  not  rinsed  with  water. 

Hiss  *  method 

1.  The  specimen  Is  fixed  with  alcoholic  formal  or  Nikiforov’s  solu¬ 
tion,  but  not  with  heat. 

2.  Staining  Is  with  5#  aqueous  gentian  violet  and  is  continued  un¬ 
til  vapor  appears. 

3.  The  stain  is  washed  off  with  20£  aqueous  copper  fulfate. 

4.  The  specimen  is  dried,  but  not  rinsed  with  water. 

Trr-.tment  of  Specimens  in  the  Presence  of  Nuclear  Nucleoprotelns 

The  nuclear  reaction  to  thymonucleic  acid  (one  of  the  components 
cf  the  nuclear  nucleoprotein  chromatin),  suggested  by  Feulgen  and  Ros- 
senback  in  1924,  occupies  a  special  place  among  the  various  methods  for 
staining  the  nuclear  substance. 

As  is  well  known,  chromatin,  which  was  until  recently  a  purely 
morphological  or  tinctorial  concept,  has  now  acquired  a  precise  chemi¬ 
cal  representation,  being  a  deoxyribonucleoprotein  whose  prosthetic 
group  is  deoxyribonucleic  (thymonucleic)  acid  and  whose  protein  is  am¬ 
photeric,  containing  mono-a-amino  acids. 

Deoxyribonucleic  acid  contains  thymine  among  its  nitrogenous  bases, 
in  contrast  to  ribonucleic  acid,  which  is  characterized  by  uracil;  more 
Important,  the  latter  contains  four  residues  of  the  pentatomic  sugar 
deoxyribose  (rlbodesose ),  while  the  former  contains  four  ribose  residues. 
As  the  investigations  of  A.N.  Belozerskiy  (1939-1948)  showed,  the  nu¬ 
clear  substance  of  saprophytic  and  pathogenic  bacteria  in  no  way  dif¬ 
fers  in  chemical  composition  from  that  of  the  plant  or  animal  cells  of 
multicellular  organisms. 

In  order  to  identify  the  nuclear  structures  in  animal,  plant,  or 
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bacterial  cells  it  is  thus  very  important  to  have  a  technique  for  car¬ 
rying  out  Feulgen‘s  reaction  and  to  understand  its  mechanism. 

Weak  acid  hydrolysis  of  nuclear  nucleoproteins  causes  cleavage  of 
their  purine  and  pyrimidine  bases ,  which  exposes  the  deoxyribose  mole¬ 
cules.  As  the  investigations  of  Stacey  et  al.  (1946)  showed,  hydrolysis 
of  deoxyribose  converts  it  to  w-hydroxylevulinic  aldehyde,  which  causes 
a  specific  reddish-violet  tint  to  appear  when  colorless  fuchsin  sulfu- 
rous  acid  (Schiff's  reagent)  is  added. 

Schlff's  reagent,  which  has  been  used  since  1861  for  detecting 
aldehydes,  with  which  it  yields  a  typical  reddish-violet  color,  is  ob¬ 
tained  by  saturating  aqueous  basic  fuchsin  (I)  with  sulfur  dioxide 
(S02).  Combining  with  the  fuchsin,  the  sulfurous  acid  formed  converts 
it  to  leucosulfurous  acid  (II): 

/CD""1  /<Z>NH- 

C~\  /NH*  +H*SO»-C— ^NHj+HCI 

I  \ZZ/NH| 

HSO, 

I  I! 

The  further  action  of  the  sulfur  dioxide  on  the  leucosulfurous 
acid  (II)  forms  fuchsin  sulfurous  acid  (III): 

/Onh*  /CZ>nhso*h 

C—  ^  yNH,  +50,-0  — / _ ^NHSOjH 

ho*  ho*- 

HSO,  HSO) 

II  III 

Combining  with  aldehydes  (e.g.,  formaldehyde 

<) 

in  the  manner  of  aldehyde  bisulfites 


-  54  - 


_ )nhso,h  ^  y  nnovj^n\un;n 

C— \ _ ^>NHSO»H  +  HC-0  -  C  — /  ^>NHSO,CH(OH)H 

i  d)NH*  h<=)NH* 


^  NHSOjCH(OH)H 


the  fuchsin  sulfurous  acid  (III)  forms  an  unstable  colorless  product 
(IV),  which  loses  the  sulfur -containing  group  bonded  to  its  central 
carbon,  acquires  a  p-quinone  structure,  and  becomes  a  red-violet  chro¬ 
mogen  (V),  which  also  causes  the  typical  "Feulgen"  color  to  appear: 

}nhs<y:h<oh)h 

C— /  ^NHSO|CH(OH)H-f  H}SO| 

sO”NK 

v 

The  specificity  of  the  Feulgen  reaction  is  confirmed  by  the  still 
more  specific  Dische  reaction  (1930),  which  is  based  on  the  appearance 
of  an  intense  blue  color  when  deoxyribonucleic  acid  is  boiled  with  di- 
phenylamine . 

Since  both  reactions  (Feulgen* s  and  Dische' s)  result  from  the  hy¬ 
drolytic  formation  of  w-hydroxylevulinic  aldehyde,  these  color  reac¬ 
tions  alone  are  not  sufficient  to  demonstrate  the  presence  of  deoxyri¬ 
bonucleic  acid,  but  should  always  be  accompanied  by  use  of  other  chem¬ 
ical  indices  (even  if  only  identification  of  thymine  and  other  data), 
such  as  those  developed  for  bacteria  by  A.N.  Belozerskiy. 

Despite  the  seeming  complexity  of  Feulgen's  reaction,  it  is  prac¬ 
ticable  and,  when  the  rules  discussed  below  are  observed,  is  an  irre¬ 
placeable  method  for  detecting  cellular  deoxyribonucleoproteins  (chro¬ 
matin);  the  only  procedures  which  are  comparable  (within  certain  limits) 
are  those  staining  methods  based  on  use  of  azure  eosinates  and  methyl¬ 
ene  blue. 

Despite  the  fact  that  Feulgen  warned  against  the  use  of  fixatives 
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containing  aldehydes  or  oxidizing  agents,  recommending  alcohol,  alcohol 
and  acetic  acid,  or  sodium  ethylate,  Bauer  has  pointed  out  that  the 
Feulgen  reaction  can  be  obtained  after  application  of  any  "nuclear” 
fixative  except  plcroformal  and  Bouln-Hermann 's  fluid.  Each  fixative 
has  Its  own  characteristic  hydrolysis  time. 

Fixative  Hydrolysis  time, 

min 


Camoy's  (alcohol,  chloroform, 
and  acetic  acid)  7 

Shaudln's  (alcohol,  mercuric 

chloride,  and  acetic  acid)  10 

Flemming's  (osmium  chromace- 

tate)  14 

Navashin's  (chromacetoformol)  15-20 


After  fixation  with  Camoy's  solution  the  smear  is  washed  with  80° 
alcohol  and  immediately  stained.  After  fixation  with  Shaudln's  solution 
the  specimen  is  treated  with  iodized  alcohol  (70*  alcohol  tinted  with 
an  Iodine  solution  to  the  color  of  port  wine  or  strong  tea)  to  remove 
the  mercuric  chloride  and  then,  when  it  has  acquired  a  yellowish  hue. 

Is  transferred  to  70°  alcohol  until  the  yellow  color  caused  by  the  io¬ 
dine  Is  no  longer  noted;  only  then  is  Feulgen 's  reaction  carried  out. 
After  fixation  with  Flemming's  or  Navashin's  solution  the  specimen  must 
be  carefully  washed  In  running  water  (for  from  1  to  24  hr). 

It  Is  recommended  that  the  specimen  be  soaked  for  24  hr  after  fix¬ 
ation  In  96°  alcohol  in  order  to  dissolve  the  special  lipid  suostance 
known  as  plasmal,  which  Feulgen  found  in  the  plasma  of  living  cells 
(although  not  In  bacteria)  and  which  is  capable  of  producing  a  false 
reaction. 

From  the  96°  alcohol  the  specimen  is  transferred  through  70°  alco¬ 
hol  to  pure  water,  immersed  for  30  sec  in  cold  IN  hydrochloric  acid 
(prepared  by  adding  82.5  ml  of  concentrated  hydrochloric  acid  with  a 
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specific  gravity  of  1.19  to  1  liter  of  distilled  water),  and  then 
transferred  to  a  hydrochloric  acid  solution  heated  to  608,  in  which 
it  is  kept  for  a  period  that  depends  on  the  fixation  method  (see  page 
56).  Prom  the  hot  IN  hydrochloric  acid  the  smear  is  moved  to  a  cold  hy¬ 
drochloric  acid  solution  for  10  sec  in  order  to  arrest  the  accelerated 
hydrolysis  and  then  placed  in  Schiff’s  reagent.  Hydrolysis  is  most  con¬ 
veniently  carried  out  in  a  chemical  beaker  on  a  Bunsen  stand.  The  beak¬ 
er  is  placed  on  an  asbestos  grid  and  kept  sufficiently  high  above  the 
burner  that  the  temperature  of  the  IN  hydrochloric  acid  does  not  rise 
above  60*.  A  thermometer  mounted  on  the  stand  is  immersed  in  the  beaker. 
Its  mercury  bulb  should  never  tough  the  bottom  of  the  beaker.  The  slide 
is  inserted  vertically  and  rests  against  the  wall  of  the  beaker.  The 
acid  should  not  be  permitted  to  come  into  contact  with  the  metal  for¬ 
ceps.  Distilled  water  is  added  to  the  beaker  as  the  liquid  evaporates. 

It  is  recommended  that  bacterial  smears  be  kept  in  Schiff’s  reagent 
for  4  hr.  The  Schiff  reagent  is  poured  into  a  vessel  with  a  hermetical¬ 
ly  fitting  cover  (a  large  flat-bottomed  biological  test-tube  or  histo¬ 
logical  beaker  fitted  with  a  rubber  stopper  or  a  deep,  rather  broad  box 
with  a  ground  lid  to  keep  the  sulfur  dioxide  from  escaping).  The  bottle 
containing  the  Schiff  reagent  must  be  stored  under  refrigeration,  even 
while  the  specimen  is  being  stained.  The  preparation  is  then  removed 
from  the  fuchsin  sulfurous  acid  (Schiff’s  reagent)  and  washed  in  three 
successive  portions  of  an  aqueous  sulfur  dioxide  solution  (the  latter 
is  serviceable  until  it  gives  off  a  sharp  odor  of  sulfur  dioxide  and 
one  of  the  portions,  usually  the  first,  shows  traces  of  a  reddish  tint), 
followed  by  rinsing  in  running  water  for  10-60  min.  It  is  then  trans¬ 
ferred  to  distilled  water,  stained  with  light  green  or  anallne  blue, 
and  embedded  in  Canadian  balsam  or  dried  and  examined  with  an  immersion 
objective,  in  the  same  manner  as  ordinary  smears.  The  entire  prepara - 
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tion  should  never  be  stained,  since  when  the  Feulgen  reaction  is  weak 
it  can  clearly  be  seen  without  staining j  intensive  staining  might  ob¬ 
scure  a  positive  reaction  and  it  is  therefore  recommended  that  an  un¬ 
stained  portion  of  the  specimen  be  examined  and  careful  staining  be  un¬ 
dertaken  to  show  the  outline  and  cytoplasm  of  the  bacterium  only  when 
the  requisite  effect  is  obtained.  In  cases  of  overstainlhg  with  light 
green  or  analine  blue  (which  are  used  in  0.1-0.25#  aqueous  solutions) 
the  excess  dye  is  easily  removed  fron  the  specimen  with  water  (this  is 
true  of  all  acid  stains).  The  reddish-violet  coloration  of  Feulgen-pos- 
ltlve  structures  is  so  strong  that  it  is  not  attenuated  even  when  the 
specimen  is  kept  in  96°  alcohol  for  24  hr.  ' 

Preparation  of  Schlff's  reagent.  Large  crystals  of  basic  fuchsin 
(1  g)  are  ground  in  a  mortar  and  poured  into  an  Ehrlenmeyer  flask  and 
200  ml  of  boiling  distilled  water  is  added.  The  fuchsin  is  permitted 
to  dissolve,  which  requires  5  min.  It  is  occasionally  necessary  to  heat 
the  solution.  The  liquid  is  cooled  to  50°  and  filtered  into  a  bottle 
3qulpped  with  a  ground  (or  rubber)  stopper  and  20  ml  of  IN  hydrochloric 
acid  is  added.  The  cooling  of  the  solution  to  50°  before  addition  of 
the  acid  is  intended  to  keep  it  from  evaporating.  As  soon  as  the  acid 
has  been  added  the  ruby  red  liquid  becomes  cloudy  and  takes  on  the  ap¬ 
pearance  of  cranberry  or  blueberry  Juice  (part  of  the  fuchsin  coagu¬ 
lates).  It  is  then  cooled  to  25°,  1  g  of  anhydrous  sodium  bisulfite 
(NaHSO^)  is  added,  and  the  vessel  is  stoppered.  Evolution  of  sulfur  di¬ 
oxide  begins  (the  solution  is  cooled  to  25°  to  forestall  excessively 
violent  liberation  of  this  gas)  and  within  24-48  hr  the  fuchsin  has 
been  converted  to  colorless  or  slightly  brownish  fuchsin  sulfurous  acid. 
The  reagent  should  give  off  a  sharp  odor  of  sulfur  dioxide.  Appearance 
of  traces  of  a  reddish  tint  in  even  a  thick  layer  of  reagent  means  that 
it  is  unsuitable.  Since  sodium  bisulfite  is  not  always  available. 


Schiff's  reagent  can  also  be  prepared  with  photographic  sodium  sulfite 
(NagSO^)*  In  this  case  0.5  g  of  basic  fuchsin  is  dissolved  in  90  ml  of 
boiling  distilled  water,  the  solution  is  cooled  to  50°  and  filtered, 
and  2  ml  of  concentrated  hydrochloric  acid  with  a  specific  gravity  of 
1.19  is  added.  A  separate  portion  of  2  g  of  anhydrous  or  4  g  of  crystal¬ 
line  sodium  sulfite  (Na2S0^  or  Na2S0^  7H20),  chemically  pure  or  photo¬ 
graphic  grade,  is  dissolved  in  10  ml  of  cold  distilled  water.  The  sul¬ 
fite  solution  is  then  added  to  the  acidified  fuchsin  solution,  which 
has  been  cooled  to  25° ,  the  bottle  is  stoppered,  and  the  preparation 
is  placed  under  refrigeration  for  clarification,  storage,  and  future 
us= . 

Preparation  of  aqueous  sulfur  dioxide  solutions.  A  tightly  stop¬ 
pered  vessel  is  filled  with  200  ml  of  distilled  water  and  20  ml  of  hy¬ 
drochloric  acid  and  1  g  of  anhydrous  sodium  bisulfite  is  added.  The  re¬ 
sultant  solution,  which  is  saturated  with  sulfur  dioxide,  is  poured  in¬ 
to  three  well -stoppered  flasks  labeled  I,  II,  and  III.  The  specimen  is 
washed  first  with  the  water  from  flask  I  and  then  with  that  from  flasks 
II  and  III,  returning  the  solutions  to  the  appropriate  flasks  after 
using  them.  The  contents  of  flask  I  are  usually  discarded  after  pro¬ 
longed  use  and  this  flask  is  filled  with  the  contents  of  flask  II;  the 
contents  of  flask  III  are  poured  into  flask  II  and  a  fresh  solution  is 
prepared  for  the  former. 

Preparation  of  aqueous  sulfur  dioxide  solutions  with  sodium  sul¬ 
fite.  A  flask  is  filled  with  200  ml  of  distilled  water  and  4  ml  of  con¬ 
centrated  hydrochloric  acid  (specific  gravity  1.19);  4  g  of  anhydrous 
or  8  g  of  crystalline  sodium  sulfite  (NagSOj  or  NagSO^  7H20)  is  dis¬ 
solved  in  25  ml  of  water  and  this  solution  is  adoed  to  the  acidified 
water.  Sulfur  dioxide  is  evolved  slowly,  forming  sulfurous  acid  with 
the  water  and  thus  going  into  solution.  This  reaction  takes  the  form 


NaHSO^  +  HC1  ~  NaCl  +  H2SC3  or,  for  sulfite,  Na2SC>3  +  2HC1  -  2NaCl  + 

+  h2so3. 

BACTERIAL  STAINING  BY  THE  ORAM  METHOD 
Prof,  O.P.  Kalina 

Staining  by  the  Oram  method  makes  it  possible  to  divide  all  bac¬ 
teria  into  two  groups  -  gram-positive  and  gram-negative.  This  is  of 
great  importance  in  the  classification  and  taxonomy  of  this  class  of 
organisms.  Determination  of  Oram  staining  is  now  obligatory  in  estab¬ 
lishing  the  species,  genus,  and  family  to  which  a  given  microbe  belongs. 

Oram,  who  proposed  his  method  for  staining  bacteria  in  organ  sec¬ 
tions  and  prints  in  1884,  did  not  appreciate  its  great  differential- 
diagnostic  value,  although  he  pointed  out  that  some  microorganisms, 
such  as  typhoid  baclllae,  are  decolorized  and  take  on  a  complimentary 
color.  Roux,  in  1886,  was  the  first  to  show  the  value  of  Gram  staining 
in  differentiating  bacteria. 

Principles  of  the  Gram  method.  The  bacterium  is  stained  with  a  ba¬ 
sic  analine  dye  belonging  to  the  triphenylmethane  group  (which  is  usual¬ 
ly  violet,  but  sometimes  green  or  blue)  and  then  treated  with  a  mordant 
(iodine,  picric  acid,  potassium  permanganate,  etc.;  see  below),  which 
results  in  the  formation  of  a  triple  compound  of  the  dye,  the  mordant, 
and  the  cellular  component  involved.  This  compound  is  very  stable  in 
gram-positive  and  very  unstable  in  gram-negative  bacteria.  Subsequent 
treatment  with  alcohol,  acetone,  xylol,  or  certain  other  substances  re¬ 
moves  the  stain  from  Oram-negative  specimens  (decolorizes  them).  The 
decolorizer  is  washed  off  with  water  and  the  specimen  is  stained  with 
a  contrast  dye  such  as  fuchsin  or  neutral  red.  Gram-positive  bacteria 
are  stained  a  dark  violet  or  blue,  while  gram-negative  bacteria  acquire 
a  red  or  reddish  color. 

As  Henry  and  Stacey  have  shown,  the  cellular  constituent  which  en- 
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ters  into  the  triple  compound  with  the  stain  and  the  mordant  is  the 
magnesium  salt  of  ribonucleic  acid.  Treatment  of  a  suspension  of  gram¬ 
positive  bacteria  with  bile  salts  extracts  the  magnesium  ribonucleate 
and  the  cells  become  gram -negative.  Addition  of  this  ribonucleate  to 
such  gram-negative  cells  causes  them  to  revert  to  gram-positive. 
Preparation  of  Specimens  for  Qram  Staining 

The  procedure  currently  employed  in  preparing  specimens  for  Gram 
staining  usually  ignores  all  the  methodological  details  formerly  as¬ 
signed  considerable  importance;  in  many  cases  this  leads  to  failure  or 
to  -learly  erroneous  results. 

1.  Concentration  of  bacteria.  In  order  to  obtain  reliable  staining 
results  the  specimen  should  be  as  thin  as  possible.  The  dye  is  often 
precipitated  in  thick  smears  containing  aggregates  ("clumps")  of  cells 
and  it  is  difficult  to  decolorize  gram-negative  organisms.  Conversely, 
aggregated  gram-positive  cells  are  decolorized  substantially  more  ra¬ 
pidly  than  isolated  cells.  The  bacteria  in  the  specimen  should  conse¬ 
quently  be  as  far  apart  as  possible. 

2.  Drying  the  specimen.  It  was  pointed  out  above  that  positive 
Gram  staining  results  from  the  presence  of  magnesium  ribonucleate  in 
the  cell.  Extraction  of  this  compound  causes  the  microbe  to  become  gram- 
negative.  Physiological  saline  solution  is  among  the  agents  capable  of 
extracting  the  nucleic  acids  and  their  salts  from  the  cell.  Preparation 
of  a  bacterial  suspension  in  saline  solution  from  cultures  grown  on 
solid  media  and  prolonged  drying  may  cause  partial  extraction  of  the 
magnesium  ribonucleate  and  make  some  of  the  cells  gram-negative.  Pro¬ 
longed  storage  of  a  bacterial  suspension  in  physiological  solution, 
distilled  water,  or  slightly  alkalized  water  converts  some  or  all  of 
the  gram-positive  cells  to  gram-negative.  Even  extended  drying  of  a 
drop  of  physiological-solution  suspension  on  a  slide  may  lead  to  par- 


tlal  loss  of  the  ability  to  withstand  decolorization.  A  minimal  quantity 
of  a  liquid  culture  or  a  suspension  prepared  from  a  solid  culture  must 
thus  be  applied  to  the  slide  with  a  loop  and  spread  into  as  thin  a  layer 
as  possible,  in  order  to  accelerate  drying.  Flaming  to  speed  up  drying 
is  not  recommended,  since  it  promotes  extraction  of  the  magnesium  ri- 
bonucleate. 

3.  Spreading  the  suspension  on  the  slide.  Traumatization  of  gram- 
positive  bacteria  may  lead  to  loss  of  their  ability  to  withstand  deco¬ 
lorization.  Over-vigorous  rubbing  of  the  suspension  against  the  slide 
with  the  loop  during  preparation  of  the  smear  can  cause  a  partial  dis¬ 
tortion  of  Oram  staining. 

4.  Fixation.  Specimens  for  Oram  staining  can  be  fixed  only  by 
flaming.  Other  fixation  methods,  particularly  those  involving  methyl 
alcohol,  mixtures  of  ethyl  alcohol  and  ether,  etc.,  may  yield  a  dis¬ 
torted  pattern.  However,  in  heat  fixation  there  is  a  direct  relation¬ 
ship  between  the  heating  of  the  smear  and  the  decolorization  of  gram- 

;  ositive  bacteria:  the  greater  the  heat  to  which  the  gram-positive  cells 
are  subjected,  the  larger  is  the  number  of  gram-negative  individuals 
found  among  them.  Flaming  must  consequently  be  carried  out  carefully 
and  sparingly. 

5.  Staining  should  begin  only  after  the  specimen  has  cooled  com¬ 
pletely.  Pouring  of  the  dye  solution  over  a  specimen  still  hot  from 
fixation  is  not  recommended. 

Technology  of  Individual  Stages  in  Gram  Staining 

Basic  stain.  Gentian  violet  was  proposed  as  the  initial  Gram  stain. 
It  was  later  found  that  crystal  violet  and  many  other  dyes  belonging  to 
the  same  group  (Victoria  blue,  methyl  violet,  and  brilliant  green)  may 
yield  clearer  results.  The  aqueous  analine  solution  initially  recom¬ 
mended  for  dissolving  the  stain  was  soon  replaced  by  a  2-2.5#  phenol 
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solution,  which  Is  stabler  and  simpler  to  prepare. 

In  addition  to  the  analine  or  phenol  solution,  ammonium  oxalate, 
ammonium  sulfate,  glycerine,  boric  acid,  oxalic  acid,  or  sodium  bicar¬ 
bonate  was  added  to  Increase  the  staining  power  of  the  dye.  .However,  It 
was  found  that  the  stain  can  be  dissolved  In  distilled  water  quite  as 
well  as  In  an  analine  or  phenol  solution.  In  the  method  most  commonly 
employed  in  the  USSR,  Slnev's  technique  (impregnation  of  pieces  of  fil¬ 
ter  paper  with  the  stain  for  future  use),  the  dye  is  extracted  from  the 
paper  by  rinsing  it  with  distilled  or  tap  water. 

Mordant .  The  mordant  initially  recommended,  iodine,  is  still  an 
essential  ingredient  In  all  variants  of  Oram  staining.  However,  under 
the  influence  of  light  and  heat  the  iodine  in  Lugol 's  reagent  is  ra¬ 
pidly  oxidized,  regardless  of  its  concentration,  forming  periodic  acid 
(HlOjj);  the  presence  of  the  latter  makes  the  reagent  completely  unsuit¬ 
able  for  Oram's  method.  In  order  to  prevent  this  phenomenon  Lugol's  re¬ 
agent  should  be  stored  in  a  yellow -glass  bottle  in  a  cool  place;  the 
reaction  should  be  periodically  checked  and  the  reagent  neutralized 
with  sodium  bicarbonate  when  an  acid  reaction  appears.  A  still  better 
solution  is  to  replace  the  potassium  iodide  in  this  reagent  with  ten- 
normal  sodium  hydroxide. 

The  iodine  used  in  Oram  staining  can  be  replaced  by  many  substan¬ 
ces  —  picric  acid,  bromine,  ammonium  picrate,  alum,  sodium  chloride, 
ammonium  sulfate,  potassium  permanganate,  hydrogen  peroxide,  and  mix¬ 
tures  of  these  compounds  with  iodine.  All  of  them  except  picric  acid 
are  more  effective  than  iodine  in  the  Oram  staining  reaction. 

Decolorlzatlon  of  gram-negative  bacteria.  Oram  initially  suggestt  . 
absolute  alcohol  for  this  purpose.  It  was  thought  that  the  virtue  of 
absolute  alcohol  lay  in  the  fact  that  it  would  not  decolorize  gram- 
positive  cells,  even  during  prolonged  exposure.  However,  absolute  al- 
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oohcl  was  gradually  replaced  In  general  practice  by  ordinary  96*  alco¬ 
hol,  which  Is  an  equally  effective  decolorlzer.  Further  dilution  of  the 
alcohol  with  water  (to  40£)  Increases  Its  decolorizing  capacity.  Hence 
it  is  clear  that  the  change  In  alcohol  concentration  associated  with 
certain  techniques  (e.g. *  Immersion  of  a  specimen  carrying  traces  of 
Lugol's  solution  or  rinse  water  In  a  beaker  containing  alcohol,  the  lat¬ 
ter  not  being  replaced  for  an  extended  period)  has  a  strong  Influence 
on  the  results  obtained.  It  Is  recommended  that  the  preparation  be  tho¬ 
roughly  dried  before  decolorlzatlon  In  order  to  avoid  this. 

All  alcohols  can  be  used  as  deodorizers,  but  their  decolorizing 
activity  varies  as  a  function  of  their  molecular  weight  (methyl  alcohol 
being  the  most  active  and  amyl  alcohol  the  least  active).  Acetone,  eith¬ 
er  alone  or  mixed  with  alcohol,  must  be  regarded  as  the  most  suitable 
decolorlzer;  it  decolorizes  gram-negative  bacteria  more  rapidly  and 
gram-positive  bacteria  more  slowly  than  other  agents. 

Addition  of  Iodine  to  the  decolorlzer  (ethyl  or  methyl  alcohol) 
makes  it  possible  to  avoid  "over-decolorization"  of  gram-positive  cells, 
even  on  prolonged  exposure  (Kaplan  and  Kaplan,  1933)-  Preston  and  Mor¬ 
rell  (1962)  detected  a  similar  effect  when  iodine  was  added  to  acetone 
used  as  a  decolorlzer  and  suggested  a  modified  staining  method  (see 
page  72)  which  they  felt  to  be  quite  reliable  for  determining  the  true 
Oram-stalning  characteristics  of  bacteria.  If  gram-positive  microbes 
stained  a  complimentary  color  are  observed  in  using  this  modification 
they  have  actually  lost  their  ability  to  stain  gram-porivive  as  a  re¬ 
sult  of  culture  aging  or  for  other  reasons. 

Complimentary  staining  of  gram-negative  bacteria.  Oram  originally 
suggested  vesuvln  as  a  contrast  stain  for  the  tissue  and  back.jrc und. 

A  wide  variety  of  dyes,  predominantly  red,  were  later  empJoyed,  although 
red  does  not  contrast  with  violet.  All  such  stains  should  be  used  in 
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0.5-1#  solutions.  Dilute  Zlehl's  carbol  fuchsln  Is  at  present  the  most 
common  stain,  even  though  pyronlne,  vesuvln,  and  safranine  (which  stains 
gram-negative  bacteria  orange)  have  indisputable  advantages  (Hucker  and 
Cohn,  1927). 

Reagent -action  time.  The  majority  of  authors  have  in  the  past  re¬ 
commended  that  treatment  with  the  basic  stain  and  iodine  last  for  from 
1  to  2-3  min,  decolonization  for  approximately  30  sec,  and  complimen¬ 
tary  staining  for  5-10  sec.  The  "accelerated"  variant  developed  by 
Klopshtok  and  Kovarskiy,  In  which  each  stage  is  reduced  to  30  sec.  Is 


now  quite  common.  |  , 

i 

Rinsing  the  specimen.  At  first,  almost  no  water  was  used  in  any 
stage  except  rinsing  to  remove  the  decolorizer  and  the  final  rinse  af¬ 
ter  contrast  staining.  This  was  due  to  the  fact  that  dye  dissolved  In 
an  analine  solution  was  precipitated  by  rinsing  with  water.  However, 
many  authors  later  avoided  rinsing  after  application  of  the  violet 
stain  and  iodine.  As  a  result  of  the  use  of  aqueous  solutions  of  the 
basic  stain  or  of  paper-carried  reagents  prepared  by  Sinev’s  method, 
rinsing  after  each  stage  is  now  no  longer  contraindicated,  but  is  to 
be  recommended. 

Factors  affecting  the  results  of  Oram  staining.  Exposure  of  a  cul¬ 
ture  to  various  substances  or  raising  it  on  media  containing  impurities 
of  these  suostances  may  cause  gram-negative  microbes  to  uecome  gram¬ 
positive  and  vice  versa.  Variations  in  Oram  staining  may  occur  under 
physiological  conditions,  as  well  as  when  abnormal  conditions  are  cre¬ 
ated.  For  each  species  of  bacterium  there  is  a  definite  maximum  culture 
age  at  which  the  characteristic  reaction  of  the  species  to  Gram  stain¬ 
ing  is  most  pronounced  (Lasser  and  Schmidt,  1927).  Young  cultures  of 
gram-positive  bacteria  are  more  resistant  to  decolorization  than  old 
cultures,  although  there  are  indications  that  a  48-hr  culture  is  more 
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resistant  than  one  of  24  hr.  In  especially  Important  Instances ,  parti¬ 
cularly  when  determining  the  Oram  staining  of  a  newly  described  microbe , 
It  Is  recommended  that  specimens  for  staining  be  prepared  from  cultures 
of  three  ages  -  6-8  hr,  12-24  hr,  and  48  hr. 

Sven  the  sight  on  the  agar  slant  from  which  the  specimen  Is  taken 
may  Influence  the  results  of  Oram  staining.  A  specimen  prepared  from 
material  taken  from  the  upper,  already  dry  portion  of  the  agar  may 
yield  completely  different  results  from  one  taken  from  the  lower,  mols- 
ter  area. 

Formulas  for  Stains  and  Reagents  and  Some  Modifications  of  Oram  Stain¬ 
ing 

The  staining  method  proposed  by  Oram  In  1884  Is  now  never  used  In 
Its  original  form,  although  some  of  its  details  were  Incorporated  Into 
the  variant  suggested  by  Weigert  (1887);  despite  its  imperfections  and 
complexity,  the  latter  method  Is  still  recommended  by  some.  A  modifica¬ 
tion  of  the  Oram  staining  technique  developed  by  many  generations  of 
practical  workers  has  now  come  into  general  use. 

Standard  modification 

Reagents : 

A.  Basic  stain: 

Crystal  violet  -  2  g 

96°  ethyl  alcohol  -  10  ml 
1 %  aqueous  phenol  -  100  ml 

B.  Lugol's  reagent: 

Crystalline  Iodine  -  1  g 
Potassium  Iodide  -  2  g 
Distilled  water  -  300  (or  100)  ml 

C.  Complimentary  stain: 

Zlehl’s  carbol  fuchsin  -  5  g 


-  66  - 


Jt  ' 


* 

Distilled  water  -  95  ol 

or:  v 

f  * 

Neutral  red  -  1  g  j 

Distilled  water  -  100  ml 
Steps  In  staining: 

1.  A  piece  of  filter  paper  Is  placed  over  the  fixed  specimen  and 
flooded  with  an  excess  of  reagent  A  for  1-2  min. 

2.  This  reagent  is  poured  off  and  the  specimen  Is  rinsed  with  wa¬ 
ter  and  flooded  with  reagent  B  for  1-2  min. 

3.  Reagent  B  Is  poured  off  and  the  preparation  is  placed  in  96* 

et^.yl  alcohol  (still  better,  the  alcohol  Is  poured  over  the  smear)  for 

30-60  sec. 

U.  The  specimen  is  carefully  rinsed  with  distilled  water. 

5.  Complimentary  staining  with  reagent  C  is  carried  out  for  1-2  min 
and  the  specimen  is  rinsed  and  dried. 

Hucker's  modification 
Reagents: 

A.  Basic  stain: 

10 £  alcoholic  crystal  violet  —  20  ml 
Ammonium  oxalate  —  0. 8  g 
Distilled  water  -  80  ml 

B.  Lugol's  reagent  (as  in  preceding  modification) 

C.  Complimentary  stain: 

2.5#  alcoholic  safranine  0  -  10  ml 
Distilled  water  -  100  ml 
Steps  in  staining: 

1.  The  specimen  is  stained  with  reagent  A  for  1  min. 

2.  It  is  rinsed  with  tap  water  for  no  more  than  2  sec. 

3.  The  preparation  is  placed  in  reagent  B  for  1  min.  , 
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4.  It  is  rinsed  with  tap  water  and  thoroughly  dried. 

5*  The  specimen  is  decolorized  in  96*  ethyl  alcohol,  being  gent- 
ly  swished  about,  and  thoroughly  dried. 

6.  Staining  with  reagent  C  is  carried  out  for  10  sec. 

7*  The  specimen  is  rinsed,  dried,  and  examined  under  the  mi¬ 
croscope. 

Burke's  modification 

Reagents : 

A.  Basic  stain: 

Solution  No.  1.  Crystal  or  methyl  violet  -  1  g 
Distilled  water  -  100  ml 

Solution  No.  2.  Sodium  bicarbonate  -  lg 
Distilled  water  —  20  ml 

B.  Lugol's  reagent  (with  proportions  of  1:2:100) 

C.  An  acetone -ether  mixture  (in  proportions  of  1:1  or  3:1) 

D.  Complimentary  stain: 

Safranine  0  -  2  g 
Distilled  water  -  100  ml 

Steps  in  staining: 

1.  The  smear  is  air-dried  without  heating. 

2.  The  specimen  is  treated  with  reagent  A:  solution  No.  1  is 
poured  over  the  slide  and  2-3  drops  (or  more,  depending  on  the  size  of 
the  area  to  be  stained)  of  solution  No.  2  is  added,  the  two  being  per¬ 
mitted  to  act  for  2-3  min. 

3.  The  smear  is  rinsed  with  reagent  B. 

4.  The  preparation  is  flooded  with  reagent  B  fo”  2  min  or  more. 

5.  The  smear  is  rinsed  with  tap  water,  which  is  then  removed  with 
filter  paper,  although  the  preparation  is  not  dried.  In  the  author's 
opinion,  the  extent  to  which  the  water  is  removed  is  of  great  impor- 
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tanee:  it  la  necessary  to  eliminate  the  free  water  from  the  aurfaoe  of 
the  smear  without  permitting  the  cells  to  dry  out. 

6.  The  specimen  Is  Immediately  decolorized  with  reagent  C,  which 
Is  applied  drop  by  drop  until  the  stain  stops  coming  off,  which  usually 
requires  less  than  10  sec. 

7.  The  smear  Is  air-dried. 

8.  Staining  with  reagent  D  Is  carried  out  for  5*4.0  sec. 

9.  The  specimen  Is  rinsed  with  tap  water,  dried,  and  examined  un¬ 
der  the  microscope. 

Kopeloff  and  Beerman 's  modification 
Reagents: 

A.  Basic  stain  (as  In  preceding  modification) 

B.  Mordant: 

Iodine  -  2  g 

One  normal  sodium  hydroxide  (40. 1  g  fn  1  liter)  -  10  ml 
Distilled  water  to  make  100  ml  Is  added  alter  the  iodine  has 
dissolved. 

C.  Decolorizer  (as  In  preceding  modification). 

D.  Complimentary  stain: 

Basic  fuchsln  -  0.1  g 
Distilled  water  -  100  ml 

Steps  In  staining: 

1.  As  In  preceding  modification. 

2.  Solutions  Nos.  1  and  2  are  first  mixed  In  a  ratio  of  1.5:0. 4 
and  the  specimen  Is  treated  with  reagent  A  for  5  min  or  longer. 

3.  The  smear  Is  rinsed  with  reagent  B. 

4.  The  specimen  is  treated  with  reagent  B  for  2  min  or  longer. 

5*  In  contrast  to  the  preceding  modification,  the  preparation  is 

not  washed  after  exposure  to  the  iodine;  the  excess  reagent  E  Is  re> 
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moved  and  decolonization  Is  Immediately  begun. 

6.  As  In  preceding  modification. 

7*  As  In  preceding  modification. 

8.  The  specimen  Is  stained  with  reagent  D  for  1-2  min. 

9.  The  smear  Is  rinsed,  dried,  and  examined  under  the  microscope. 
A.  Slnev's  modification 

A.  Slnev  suggested  that.  Instead  of  using  the  basic  stain  In  solu¬ 
tion  form,  pieces  of  filter  paper  be  Impregnated  with  a  1 #  alcoholic 
solution  of  the  stain,  dried,  and  cut  Into  strips  somewhat  narrower 
than  a  standard  slide.  During  staining  distilled  water  Is  poured  over 
the  slide  and  the  dye -Impregnated  paper  Is  Immersed  In  It.  The  water 
extracts  the  stain  from  the  paper.  After  1-2  min  the  paper  is  removed, 
the  specimen  is  rinsed  with  water,  and  subsequent  treatment  is  carried 
out  as  outlined  In  the  standard  modification.  Stain-bearing  papers  can 
also  be  prepared  for  the  complimentary  stain.  Impregnating  filter  paper 
with  1#  alcoholic  fuchsin  or  saf ranine. 

G.P.  Kalina's  modification 

The  basic  principle  of  this  method  Is  combination  of  several  sta¬ 
ges  of  the  Oram  method;  the  possibility  of  "over-decolorization"  Is 
eliminated. 

Reagents: 

A.  Basic  stain:  0.5#  alcoholic  crystal  violet  or  brilliant  green  — 
5  ml  (stored  in  a  test-tube  with  a  rubber  stopper). 

B.  A  reagent  combining  the  mordant,  deodorizer,  and  complimentary 
stain  for  gram-negative  bacteria: 

0.5#  alcoholic  potassium  iodide  -  ^6  ml 
5#  alcoholic  basic  fuchsin  -  2  ml 
5#  alcoholic  Iodine  -  2  ml 

The  potassium  iodide  is  first  dissolved  by  heating  to  the  boiling 
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point  in  a  water  bath  with  constant  agitation.  The  fuchsln  and  Iodine 
solutions  are  then  added.  The  reagent  Is  stored  In  a  yellow-glass  bot¬ 
tle  with  a  ground  or  rubber  stopper. 

Steps  In  staining: 

1.  (A  combination  of  preparation  of  the  specimen  and  basic  stain¬ 
ing.)  A  small  drop  of  distilled  water  (not  physiological  solution  1)  Is 
applied  to  a  cleaned,  flamed,  and  cooled  slide  with  a  loop  and  a  small 
quantity  of  the  agar  culture  Is  added  to  It,  but  not  mixed  with  It.  In 
preparing  a  smear  from  a  liquid  culture  a  small  drop  Is  applied  to  a 
sltde  with  a  loop.  The  basic  stain  (reagent  A)  Is  then  applied  with  the 

p 

sane  loop  and  the  mixture  Is  spread  over  an  area  of  approximately  1  cm  . 
The  preparation  Is  dried  at  room  temperature  and  slowly  fixed  by  a  sin¬ 
gle  pass  through  a  Bunsen-burner  flame.  As  many  as  8  smears  can  be  pre¬ 
pared  on  the  same  slide,  but  they  must  be  separated  by  lines  drawn  with 
a  grease  pencil  on  the  face  of  the  slide. 

Preparation  of  a  specimen  from  a  liquid  culture  or  liquid  patho¬ 
logical  material  requires  an  additional  step:  after  the  smear  Is  fixed 
It  Is  Immersed  for  several  seconds  in  a  beaker  containing  distilled  wa¬ 
ter  In  order  to  remove  the  salts  remaining  on  the  slide  and  Is  then 
carefully  dried  with  filter  paper. 

2.  After  a  specimen  from  an  agar  culture  has  cooled  or  one  from  a 
broth  culture  has  dried  an  excess  of  reagent  B  Is  applied  in  such  fash¬ 
ion  that  It  covers  the  entire  surface  of  the  slide.  The  optimum  reagent - 
action  time  Is  l/2-l  min,  but  it  can  be  prolonged  to  3-5  min  without 
distorting  the  final  results.  After  staining  the  preparation  is  washed 
with  running  (preferably  distilled)  water  from  a  wash  bottle,  directing 
the  stream  at  the  slide  and  gradually  turning  it  from  the  horizontal  to 
the  vertical  position  while  continuing  the  rinsing  process.  The  speci¬ 
men  is  dried  by  any  available  method  (with  filter  paper,  in  air  or  a 
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heater,  or  over  a  Bunsen-burner  flame)  and  examined  under  the  micro¬ 
scope.  Oram-positive  microorganisms  appear  dark  violet  or  green  and 
gram-negative  microorganisms  light  red. 

Preston  and  Morrell's  modification 
Reagents: 

A.  Basic  stain: 

Crystal  violet  -  2  g 
Alcohol  -  20  ml 

1$  aqueous  ammonium  oxalate  -  80  ml 

B.  Fortis*  iodine  reagent: 

Crystalline  iodine  -  10  g 
Potassium  iodide  -  6  g 
Alcohol  —  90  ml 
Distilled  water  -  10  ml 

C.  Decolorizer  (iodine-acetone): 

Portis*  iodine  reagent  -  3.5  ml 
Acetone  -  96.5  ml 

D.  Complimentary  stain: 

Ziehl-Neelson 's  carbol  fuchsin  -  5  ml 
Distilled  water  -  95  ml 

Steps  in  staining: 

1.  The  specimen  is  stained  with  reagent  A  for  30  sec. 

2.  The  stain  is  washed  off  with  Lugol's  solution. 

3.  The  specimen  is  treated  with  Lugol's  solution  for  30  sec. 

4.  The  Lugol's  solution  is  washed  off  with  the  led Ine -acetone  mix¬ 

ture. 

5.  The  specimen  is  decolorized  with  the  iodine -acetone  mixture  i jr 
30  sec. 

6.  The  smear  is  rinsed  with  water. 

-  72  - 


7*  Staining  with  the  complimentary  stain  Is  carried  out  for  30  sec. 

8.  The  specimen  Is  rinsed,  dried,  and  examined  under  the  micro¬ 
scope. 

The  time  for  which  each  reagent  Is  permitted  to  act  can  be  In¬ 
creased  to  1  min  without  distorting  the  results.  All  the  reagents  are 
poured  over  the  slide  to  as  to  cover  Its  entire  surface. 

Bartholomew's  modification 

Reagents: 

A.  Basic  stain  (see  Hucker's  modification,  page  67)* 

B.  Lugol's  solution  (in  proportions  of  1:2:100). 

C.  Decolorizer  -  n-propyl  alcohol. 

D.  Complimentary  stain  -  0.25#  aqueous  saf ranine. 

Steps  In  staining: 

1.  The  specimen  Is  stained  with  reagent  A  for  1  min. 

2.  The  smear  Is  rinsed  for  5  sec  by  Immersion  In  a  250  ml  graduate 
containing  running  water  (30  ml  per  second). 

3.  The  excess  water  Is  removed  with  Lugol's  solution. 

4.  The  preparation  Is  flooded  with  Lugol's  solution  for  1  min. 

5.  The  smear  Is  rinsed  for  5  sec,  using  the  same  procedure  as  In 
step  2. 

6.  The  moist  specimen  is  decolorized  In  n-propyl  alcohol,  being 
successively  passed  through  three  dishes  of  alcohol;  it  Is  left  In  each 
dish  for  1  min  (this  time  can  be  reduced  to  30  sec).  After  10  smears 
have  been  decolorized  the  first  dish  is  replaced  by  the  second  and  the 
second  dish  by  the  third,  while  the  first  dish  Is  filled  with  fresh  al¬ 
cohol  and  placed  in  the  third  position. 

7.  After  deed orizat Ion  the  smear  Is  washed  for  5  sec,  using  the 
same  procedure  as  In  step  2. 

8.  The  excess  water  Is  removed  with  the  complimentary  stain  D. 


9.  Staining  with  the  complimentary  stain  D  is  carried  out  for  1 

min. 

10.  The  specimen  Is  rinsed,  dried,  and  examined  under  the  micro¬ 

scope. 

USE  OP  LUMINESCENT  SERA  FOR  DIAGNOSING  AND  INDICATING  THE  CAU3ITIVE 
AGENTS  OP  INFECTIOUS  DISEASES 

T.I.  Bulatova,  Candidate  of  Medical  Sciences,  and  M.Ya.  Korn,  Candidate 
of  Medical  Sciences 

The  serum-luminescence  method  is  based  on  the  fact  that  a  fluores¬ 
cent  dye  attached  to  the  antigen  molecule  makes  the  antigen -antibody 
reaction  visible  in  the  luminescence  microscope.  In  contrast  to  other 
serological  reactions.  In  which  the  combining  of  the  antigen  with  the 
antibody  Is  evaluated  from  some  secondary  phenomenon  which  it  evokes 
v(agglutination,  precipitation,  etc.),  the  serum-luminescence  method 
makes  it  possible  to  observe  the  reaction  directly  and  thus  to  estab¬ 
lish  the  presence  and  localization  of  the  antigen.  Using  this  technique, 
we  can  observe  microscopically  the  attachment  of  luminescent  antibodies 
to  the  homologous  superficial  antigens  of  individual  bacterial  cells, 
even  in  mixed  cultures. 

Although  the  serum-luminescence  method  makes  it  possible  to  detect 
Isolated  microbes  In  the  visual  field  of  the  luminescence  microscope, 
the  concentration  of  the  causitive  agent  in  the  material  to  be  investi¬ 
gated  should  be  rather  high.  This  is  due  to  the  fact  that  we  see  in  the 

* 

visual  field  only  a  small  portion  of  the  material  applied  to  the  slide 
as  a  smear,  print,  or  section. 

Various  luminescent  dyes  are  used  for  attachment  to  the  antibody 
molecules,  the  most  common  being  fluorescein,  rhodamine,  and  5-dimethyl - 
1-naphthylene  sulfochloride.  Since  these  dyes  will  not  react  directly 
with  a  protein,  their  Isocyanates,  isothiocyanates,  and  sulfochlorides 
are  used. 
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Attachment  occurs  at  the  carbamide  bonds  of  the  protein  moleoules. 
Antibody  molecules  treated  In  this  manner  retain  their  serological  ape- 

k» 

ciflclty. 

The  negligible  quantity  of  fluorochrome  bonded  to  the  protein  mole¬ 
cule,  and  thus  the  latter  Itself,  can  easily  be  detected  from  its  bright 
luminosity  In  the  luminescence  microscope. 

Preparation  of  Luminescent  Sera 

The  technique  of  preparing  luminescent  sera  Is  based  on  the  method 
developed  by  Kuhns  and  Kaplan  (1950),  as  modified  by  Soviet  researchers. 
The  preparation  of  luminescent  sera  consists  of  four  stages: 

a)  extraction  of  the  globulin  fraction  from  native  sera,  a  step 
omitted  If  whole  serum  Is  used  for  tagging; 

b)  combination  of  the  globulin  fraction  with  the  fluorochrome; 

c)  removal  of  the  unbonded  dye  from  the  tagged  globulins; 

d)  adsorption  (specific  and  nonspecific)  of  the  fluorescent  serum. 
Extraction  of  the  globulin  fraction.  An  equal  volume  of  a  saturated 

ammonium  sulfate  solution  Is  added  to  serum  diluted  2:1  with  distilled 
water,  stirring  constantly.  After  being  left  to  stand  in  a  refrigera¬ 
tor  at'  4*  for  30  min  the  mixture  Is  centrifuged  at  3000  rpm  for  20  min. 
The  supernatant  Is  poured  off  and  the  residue  Is  dissolved  In  distilled 
water  to  the  original  serum  volume  and  repreclpltated  with  saturated 
ammonium  sulfate.  The  latter  Is  taken  In  a  volume  equal  to  that  of  the 
distilled  water  used  to  dissolve  the  residue.  A  third  precipitation  Is 
then  carried  out  In  the  same  manner,  the  residue  being  the  globulin 
fraction. 

The  final  precipitate  Is  dissolved  In  a  small  quantity  of  dis¬ 
tilled  water  and  transferred  to  a  cellophane  bag  for  removal  of  the  am¬ 
monium  sulfate.  Dialysis  Is  carried  out  against  0.15  M  sodium  chloride, 
with  a  0. 1  M  phosphate  buffer  at  pH  -  7.4,  and  lasts  4-5  days  at  temp- 
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eratures  of  0-4*.  The  point  at  which  dialysis  should  be  terminated  Is 
determined  by  an  ammonia  test  with  Nessler's  reagent. 

This  procedure  Is  best  carried  out  under  constant  agitation  with  an 
electromagnetic  or  other  mixture,  changing  the  solution  twice  a  day.  In 
which  case  it  lasts  only  2-3  days. 

When  dialysis  Is  complete  the  protein  content  of  the  globulin  so¬ 
lution  Is  determined  by  the  usual  KJeldahl  micromethod  or  by  the  Folin- 
Chlocalt  method.  This  content  should  be  no  less  than  20  mg/ml  and  if 
such  Is  not  the  case  the  solution  Is  concentrated  by  hanging  the  cello¬ 
phane  bag  containing  it  in  a  refrigerator  and  blowing  air  past  It  with 
a  table  fan.  After  the  solution  volume  has  been  reduced  the  protein 
concentration  can  be  recalculated  by  taking  into  account  the  decrease 
in  voluneand  assuming  that  the  total  quantity  of  protein  has  remained 
constant.  As  a  check,  the  protein  concentration  can  again  be  determined 
by  the  aforementioned  methods. 

After  dialysis  the  serological  properties  of  the  serum  are  checked 
and  compared  with  the  titre  of  the  original  serum  (agglutination  titre, 
precipitation  titre,  or  number  of  antitoxin  units  [AU]  per  ml).  Under 
normal  conditions,  the  titre  should  not  be  lower  than  that  of  the  ini¬ 
tial  serum. 

Combination  (Conjugation)  of  the  Protein  and  Fluorochrome 

Combination  (conjugation)  of  the  protein  and  the  fluorochrome  (most 
frequently  fluorescene  Isocyanate  or  Isothiocyanate)  is  carried  out  by 
Kuhns'  method,  in  a  reaction  mixture  with  the  following  composition: 

a)  the  globulin,  calculated  in  terms  of  dry  weight,  should  consti¬ 
tute  1%  of  the  total  mixture; 

b)  a  carbonate  buffer  solution  at  pH  =  9.0  -  1556  of  the  total  mix¬ 
ture  volume; 

c)  dioxane  -  15#; 
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d)  acetone  -  7$l 

e)  fluorescene  Isocyanate  -  5  mg  for  eaoh  100  ng  of  globulin; 

f)  sufficient  0.15  M  sodium  chloride  to  bring  the  reaction  -mixture 
volume  to  100£. 

For  example,  500  mg  of  globulin  In  20  ml  of  solution  Is  to  be 
tagged.  The  total  volume  of  a  reaction  mixture  with  a  ljf  globulin  con¬ 
tent  should  be  50  ml  (the  specific  gravity  of  the  mixture  Is  assumed 
to  be  1).  The  fluorescene  Isocyanate  (calculated  In  terms  of  dry  weight) 
should  constitute  5#>  l.e., 

aoo.s 

"TOT*25  «g. 

If  12.5  mg/ml  of  fluorescene  lsooyanate  Is  present  in  the  dlaxane- 
acetone  solution,  the  volume  of  the  latter  Is  25/12.5  «■  2  ml.  The  vol¬ 
ume  of  carbonate -bicarbonate  buffer  should  be 

V'-™  B1< 

The  amount  of  dloxane  present  should  be  7*5  ml  (1550,  but  0.66  nl 
(the  dloxane  constitutes  1/3  of  the  volume  of  the  stain  solution)  must 
be  subtracted  from  this,  so  that  7*5  -  0.66  —  6.84  ml  of  pure  dlanna 
Is  required.  The  quantity  of  acetone  needed  Is 

“jl  -  3,4  ml , 

from  which  1.34  ml  (2/3  of  the  volume  of  the  dloxane -acetone  mixer  Is 
acetone)  must  be  subtracted,  so  that  the  volume  of  acetone  required  Is 
3.5  -  1.34  -  2.06  ml. 

The  volumes  of  the  reaction-mixture  components  listed  above  are  as 
follows : 

Globulin  -  20  ml 

Fluorescene  Isocyanate  -  2  ml 
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Carbonate -bicarbonate  buffer  -  7*5  ml 

Dioxane  -  6.84  ml 

Acetone  -  2.06  ml 

Total  38*40  ml 

To  make  the  total  reaction -mixture  volume ,  which  was  calculated 
above  to  be  50  ml,  50  -  38.4  -  11.6  ml  of  0.15  M  sodium  chloride  must 
be  added.  All  the  components  of  the  mixture  must  be  combined  cold  in 
the  following  order. 

The  sodium  chloride  solution,  buffer,  dioxane,  and  acetone  are 
poured  into  a  flask.  The  globulin  solution  and  stain  are  then  added 
drop  by  drop  to  the  cooled  mixture.  The  dye  should  be  added  especially 
slowly,  over  a  period  of  20-30  min.  A  precipitate  may  be  formed  after 
the  dye  is  added  to  the  solution. 

The  mixture  is  kept  in  a  refrigerator  for  18-20  hr,  being  contin¬ 
uously  agitated  by  an  electromagnetic  or  other  mixer.  If  a  precipitate 
formed  In  the  solution  during  preparation,  it  disappears  after  18  hr  of 
■  gitation. 

.ic  pa  ration  of  unbonded  stain  from  the  tagged  globulins 

Unbonded  fluoresoene  isocyanate  is  usually  present  in  the  lumines¬ 
cent  serum.  In  order  to  remove  it  the  serum  is  dialyzed  for  8-12  days 
against ! 0.15  M  sodium  chloride  with  a  0.01  M  carbonate  buffer  at  pH  = 

«  8. 6-9*0;  the  solution  is  changed  no  less  than  twice  a  day. 

The  extent  to  which  the  unbonded  fluorochrome  has  been  removed  can 
be  checked  by  fluorometry  or  determined  qualitatively  in  ultraviolet 
light:  10  ml  of  the  dialysate  to  be  studied  is  poured  into  one  test- 
tube,  while  a  1:20,000,000  solution  of  sodium  fluoresoene  is  poured  in¬ 
to  a  second  (as  the  control). 

Both  test-tubes  are  examined  in  ultraviolet  light.  If  the  greenish 
luminescence  of  the  dialysate  is  no  stronger  than  that  of  the  control 

-  78  - 


\ 


solution  dialysis  Is  complete. 

Some  researchers  recommend  that  the  tagged  globulin  be  repreolpl- 
tated  2-4  times  with  saturated  ammonium  sulfate  after  2-3  days  of  dialy¬ 
sis.  This  process  Is  repeated  until  the  supernatant  liquid  no  longer 
fluoresces.  After  the  last  repreclpltatlon  dialysis  Is  carried  out  for 
4-5  days  against  a  buffer  solution  at  pH  -  9.0  In  order  to  remove  the 
ammonium  sulfate. 

Repreclpltatlon  can  also  be  conducted  with  ethyl  alcohol  or  aoe- 

tone. 

Dialysis  at  pH  «  9*0  prevents  precipitation  of  part  of  the  gamma¬ 
globulins,  which  gradually  go  out  of  solution  If  dialysis  Is  conducted 
at  pH  ■  7*4-7»6.  However,  at  pH  ■  9*0  the  fluorescent  sera  produce  a 
powerful  background  luminosity,  which  reduces  the  Intensity  of  the  mi¬ 
crobial  luminescence.  In  addition,  nonspecific  microbial  luminescence 
is  also  observed.  It  Is  consequently  recommended  that  dialysis  be  term¬ 
inated  at  pH  «■  7.4  with  2  or  3  solution  changes.  This  pH  Is  within  the 
optimum  limits  for  Immunochemical  reactions.  After  dialysis  the  serum 
Is  concentrated  to  a  given  protein  content  (2-5$G)  by  blowing  air  past 
the  cellophane  bag  at  a  temperature  of  4*. 

Adsorption  of  Fluorescent  Sera 

The  dialyzed  luminescent  serum  may  still  contain  certain  fluores¬ 
cent  substances  which  Induce  nonspecific  luminescence  in  microorganisms, 
tissues,  or  other  subjecvs  investigated  by  this  method. 

It  Is  recommended  that  the  lumlnsecent  serum  be  adsorbed  with  pow¬ 
dered  mouse  liver  or  activated  charcoal  In  order  to  eliminate  this  type 
of  nonspecific  luminosity. 

Methods  have  now  been  developed  for  the  rapid  production  and  puri¬ 
fication  of  small  quantities  of  luminescent  serum,  using  molecular  fil¬ 
ters  (Sefadex)  and  DEAE  cellulose.  Mouse  liver  is  most  often  used  for 
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adsorption. 

After  removal  of  the  gall  bladder  the  livers  of  white  mice  (or 
other  animals)  known  to  be  healthy  are  repeatedly  washed  with  physio- 
logioal  solution,  ground  to  a  pasty  consistency  in  a  mortar,  and  rinsed 
3-4  times  with  6-8  volumes  of  physiological  solution  by  centrifuging  or 
resuspension  to  remove  the  hemoglobin  and  other  soluble  proteins. 

Two  volumes  of  physiological  solution  and  four  volumes  of  acetone 
are  poured  over  the  liver  mass  and  the  mixture  is  agitated  for  20-30 
min  and  then  left  to  stand  or  centrifuged. 

The  centrifugate  is  poured  off  and  the  residue  is  again  rinsed 
2-3  times  with  6-8  volumes  of  physiological  solution  and  then  treated 
once  more  with  acetone  and  physiological  solution. 

The  residue  is  diluted  with  4  volumes  of  acetone,  agitated  for  10- 
15  min,  and  filtered  through  a  double  paper  filter  in  a  Buchner  funnel. 
The  liver  mass  is  dried  on  the  filter  in  a  heater  and  ground  to  a  fine 
powder. 

A  total  of  60-80  mg  of  powder  per  ml  of  luminescent  serum  is  used 
for  adsorption.  The  powder  is  a  strong  adsorbant,  so  that  addition  of 
large  quantities  extracts  both  the  nonspecific  components  and  specific 
antibodies  of  the  serum. 

After  a  thorough  shaking  the  mixture  is  kept  at  room  temperature 
for  one  hour  and  then  centrifuged  or  filtered.  Filtering  can  be  carried 
out  through  a  Zeitz  filter  or  dense  vegetable -pulp  paper.  During  treat¬ 
ment  with  the  powdered  liver  the  serum  loses  30-50#  of  its  volume.  The 
filtered  serum  is  poured  into  ampules  under  sterile  conditions.  Before 
filtration  1#  twice  redistilled  boric  acid  or  0.01#  merthiolate  is  ad¬ 
ded  as  a  preservative. 

In  addition  to  species-specific  antibodies,  some  sera  contain 
group  antibodies  to  related  species  of  pathogenic  and  nonpathogenic 
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baoterla.  For  example ,  anthrax  serum  may  "specifically”  stain  strains 
of  Bacillus  anthracoides  and  Bacillus  pseudoanthracis,  while  types  A 
and  B  botulln  sera  can  stain  certain  strains  of  Cl.  sporogenes. 

In  order  to  remove  these  group  antibodies  luminescent  sera  are  ad¬ 
sorbed  by  Castellanl's  method  with  those  microbes  which  produce  group 
luminescence.  To  1  ml  of  luminescent  serum  with  a  protein  content  of 
10  mg/ml  Is  added  50-60  billion  live  bacteria  or  bacteria  killed  by 
heat  or  some  other  method.  The  procedure  used  to  prepare  the  bacteria 
for  serum  adsorption  does  not  alter  their  antigenic  composition. 

The  serum  Is  added  to  the  bacterial  residue  and  the  two  are  care¬ 
fully  mixed  and  kept  for  3-4  hr  In  a  heater  at  37*  with  constant  agi¬ 
tation.  The  mixture  Is  then  held  at  4°  for  20  hr  and  the  serum  is  cen¬ 
trifuged  or  filtered.  After  filtration  the  quality  of  the  luminescent 
serum  Is  checked  by  treating  homologous  and  heterologous  strains  having 
related  antigens  with  various  serum  dilutions. 

It  Is  recommended  that  strains  morphologically  similar  to  the  mi¬ 
crobe  corresponding  to  the  luminescent  serum  and  bacteria  from  environ¬ 
mental  objects  usually  subjected  to  laboratory  examination  for  diagnos¬ 
tic  and  Indicative  purposes  (fecal  matter,  soil,  food  stuffs,  oral 
smears,  air)  be  used  to  check  the  serum. 

Native  sera  may  be  adsorbed  with  certain  microbes  before  tagging 
In  order  to  remove  group  antibodies.  The  adsorption  method  Is  the  same 
as  for  luminescent  sera.  Adsorption  with  dry  powders  prepared  from  the 
bacteria  by  precipitation  with  acetone  is  the  simplest  and  roost  conven¬ 
ient  method. 

Serum  adsorption  is  a  rather  tedious  process  and  requires  great 
care;  the  volume  of  the  initial  serum.  Its  protein  content,  the  number 
of  bacteria  used,  etc.  must  be  taken  into  account.  The  adsorption  prin¬ 
ciples  discussed  above  are  observed  for  all  types  of  sera,  but  the  ln- 
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dividual  stages  of  the  process  and  the  ratio  of  the  quantity  of  serum 
to  the  number  of  bacteria  may  vary. 

Preparation  of  Specimens 

Preparation  and  fixation  of  smears.  A  drop  of  the  material  to  be 
studied  la  applied  to  a  thoroughly  degreased  slide.  In  Investigating 
water  or  other  liquids  smears  are  best  prepared  from  the  residue  left 
after  centrifuging  or  from  material  washed  from  a  membrane  filter 
through  which  the  liquid  has  been  passed.  The  surface  through  which 
the  liquid  was  filtered  Is  pressed  tightly  against  the  slide.  The  bac¬ 
teria  from  the  filter  can  also  be  transferred  to  a  nutritive  medium  to 
increase  the  culture  size.  This  raises  the  sensitivity  of  the  serum- 
luminescence  method,  but  prolongs  the  Investigation.  Material  washed 
from  various  environmental  objects  Is  best  centrifuged  and  the  speci¬ 
men  then  prepared  from  the  residue.  Smears  can  be  made  from  the  pads 
with  which  the  material  Is  washed  off.  Soli,  foodstuffs,  and  other  sol¬ 
ids  are  suspended  and  the  suspension  Is  then  filtered  through  a  cotton- 
gauze  filter  or  filter  paper  In  order  to  remove  any  large  particles. 
Specimens  are  prepared  directly  from  the  filtrate  or  from  the  residue 
left  after  centrifuging.  In  order  to  facilitate  subsequent  manipula¬ 
tions  (fixation  and  washing)  the  smears  should  be  made  near  one  end  of 
the  slide.  The  dried  specimen  Is  fixed  In  ethyl  alcohol  (10-15  min), 
Camoy's  solution  (10-15  min),  methyl  alcohol  (3-5  min),  or  certain 
other  fixatives.  It  can  also  be  fixed  by  flaming,  but  this  method  must 
be  used  with  care,  since  overheating  can  lead  to  nonspecific  results. 

Treatment  of  smears  with  the  fluorescent  serum.  There  are  two 
methods  for  employing  fluorescent  antibodies:  a  direct  procedure  and 
several  types  of  Indirect  procedures. 

In  the  direct  method  a  smear  of  the  material  to  be  studied  Is 
treated  with  a  fluorescent  serum  prepared  from  specific  homologous  lm- 


mune  serum. 


In  the  simplest  variant  of  the  indirect  method  (two-step)  the 
*  smear  is  first  treated  with  ordinary  nonfluorescent  diagnostic  serum. 

If  this  serum  corresponds  to  the  antigen  present  in  the  smear  it  com¬ 
bines  with  it.  In  order  to  show  this  reaction  the  smear  is  treated  with 
fluorescent  serum  obtained  from  specific  Immune  antiserum  for  the  spe¬ 
cies  of  animal  used  to  produce  the  nonfluorescent  diagnostic  serum. 

For  example,  if  the  smear  is  treated  with  nonfluorescent  typhoid 
serum  obtained  from  a  rabbit,  fluorescent  antlrabblt  sen  .hould  be 
used  for  the  subsequent  treatment.  Thus,  in  the  indirect  method  the 
antigen  is  detected  by  means  of  the  antibodies  of  diagnostic  sera  which 
enter  into  an  immunochemical  bond  with  it.  Several  species  of  animals 
(rabbits,  horses,  cattle)  are  used  to  obtain  diagnostic  sera  and  the 
Indirect  method  consequently  involves  several  (2-3)  luminescent  anti¬ 
sera. 

Qoldwasser  and  Shepard  proposed  a  three-step  variant  of  the  indi¬ 
rect  method  which  requires  only  one  (anticomplementary)  luminescent 
serum.  This  method  is  a  luminescence -microscopic  modification  of  the 
complement -fixation  reaction  and  consists  in  the  following:  the  speci¬ 
men  is  treated  successively  or  simultaneously  with  specific  immune  se¬ 
rum  and  complement  (guinea-pig  serum).  If  an  antigen -antibody  reaction 
takes  place  the  complex  adsorbs  the  complement,  which  is  then  labeled 
with  the  luminescent  serum  containing  the  antibody  to  it.  This  serum 
is  obtained  by  immunization  of  animals  with  guinea-pig  serum. 

In  still  another  variant  of  the  indirect  method  the  preparation 
containing  the  bacterial  cells  is  treated  with  a  specific  bacteriophage. 
After  the  bacteriophage  is  adsorbed  on  the  cells  it  is  labeled  with 
luminescent  antiphage  serum. 

»  The  specimen  is  treated  in  the  following  manner:  the  fixed  smear 
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Is  outlined  with  a  grease  pencil,  since  it  usually  is  difficult  to  see 
after  it  is  reacted  with  the  serum  and  washed. 

In  the  direct  method  a  drop  of  fluorescent  serum  diluted  with  phy¬ 
siological  solution  is  applied  to  the  smear  with  a  Pasteur  pipette.  Ihe 
working  (optimum)  solution  dilution  is  generally  indicated  in  the  in¬ 
structions  or  selected  by  the  experimenter  in  preliminary  tests  for 
each  new  series  of  serum. 

The  specimen,  with  the  drop  of  fluorescent  serum,  is  placed  in  a 
moist  chamber  (Petri  dish),  whose  bottom  is  flooded  with  water.  The 
slide  rests  on  cross-pieces  fashioned  from  glass  tubing]  each  dish  can 
hold  as  many  as  4  slides.  The  staining  time  is  usually  15-20  min  at 
room  temperature  or  5-10  min  at  37*  in  a  heater  and  is  generally  indi¬ 
cated  in  the  instructions  for  using  the  fluorescent  serum.  The  serum 
cannot  be  permitted  to  dry  on  the  slide,  since  this  leads  to  nonspeci¬ 
fic  adsorption  and  may  distort  the  results  of  the  investigation. 

Washing  the  smear.  In  order  to  remove  the  excess  fluorescent  serum 
the  smear  is  washed  in  physiological  solution  or  in  a  carbonate-bicar¬ 
bonate  buffer  at  pH  9-0  for  15  min  at  room  temperature,  changing  the 
solution  1-2  times. 

It  is  substantially  more  rapid  to  wash  the  smear  ir.  ruming  tap 
water  for  5-7  min.  This  is  done  quite  conveniently  in  an  apparatus  spe¬ 
cially  designed  for  this  purpose  (Fig.  9).  As  many  as  20  smears  can  be 
simultaneously  washed  in  it. 

The  washed  specimens  are  dried  in  air  or  in  a  heater  and  examined 
under  the  luminescence  microscope. 

Treatment  of  specimens  by  the  indirect  method  proceeds  as  follows: 
2-3  drops  of  ordinary  untagged  diagnostic  serum  diluted  to  diagnostic 
titre  are  applied  to  the  dried  fixed  smear,  which  is  then  kept  in  a 
moist  chamber  for  15-20  min  at  room  temperature  or  37°.  The  excess  un- 
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tagged  serum  is  washed  off  by  the  method  described  above.  After  drying, 
the  luminescent  antiserum  Is  applied  to  the  smear.  Subsequent  treatment 
Is  conducted  In  the  same  manner  as  for  the  direct  method. 


The  dried  smears,  whether  treated  by  the  direct  or  Indirect  method, 
are  covered  with  a  cover  glass  in  physiological  solution  or,  still  bet¬ 
ter,  in  a  mixture  of  neutral  glycerine  (9  parts)  and  physiological  so¬ 
lution  (1  part).  The  excess  liquid  must  be  carefully  removed  with  fil¬ 
ter  paper.  They  are  then  examined  under  a  luminescence  microscope  or  an 
ordinary  microscope  with  a  luminescence  attachment. 

Technique  of  Luminescence  Microscopy  in  Working  with  Luminescent  Sera 
The  finished  specimen  is  examined  under  the  luminescence  micro¬ 
scope  with  an  immersion  objective,  in  incident  blue  or  ultraviolet 
light.  An  ordinary  oiological  microscope  can  also  be  used  in  conjunc¬ 
tion  with  a  type  01-17  or  OSL-1  special  luminescence  attachment.  The 
MLD  commercial  luminescence  microscope  provides  simplicity  and  conven¬ 
ience  in  working  with  luminescent  sera;  its  principal  advantage  is  the 
fact  that  it  furnishes  a  substantially  brighter  image  than  the  ML-1  or 
ML-2  and  is  portable. 

In  luminescence  microscopy  the  light  source  should  have  sufficient 
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power  and  a  high  surface  intensity  and  radiate  maximum  energy  in  the 
blue-violet  and  near  ultraviolet  regions  of  the  spectrum.  These  require¬ 
ments  are  satisfied  to  some  extent  by  carbon -arc  lamps ,  iron-electrode 
aro  lamps,  low-voltage  Incandescent  bulbs  operating  at  red  heat,  and, 
especially,  ultrahigh-pressure  mercury -quartz  lamps, 

The  majority  of  Soviet  researchers  use  SVD-120A  and  SVDSh-250-3 
(DRSh-250)  ultrahigh-pressure  mercury -quartz  bulbs  in  conjunction  with 
Soviet -produced  01-18  lamps  (Pig.  10)  and  ML-1,  ML-2,  and  MLD  lumines¬ 
cence  microscopes. 


j  Fig.  11.  Bacillus  anthracir  (vac- 

i  cine  strain  STl)  treated  with  lum¬ 

inescent  serum,  x  900. 


TABLE  1 

Relative  Spectral  Distribution  of  the  Ener¬ 
gy  Radiated  by  Ultrahigh-Pressure  Bulbs 
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Pig.  14.  Shigella  dysenteriae  treated  with 
luminescent  serum,  x  900. 


This  is  especially  true  of  surface  intensity,  that  of  the  SVD-120A 
clearly  being  rather  low  fcr  working  with  luminescent  sera. 

Judging  from  its  description  (1959  catalog,  1st  Moscow  Electric- 

Bulb  Plant),  the  DRSh-100  ultrahigh-pressure 
mercury -quartz  bulb  may  be  more  suitable  than 
the  SVD-120A.  However,  they  have  a  drawback 
in  that  they  must  be  plugged  into  dc  mains, 
with  the  obvious  result  that  they  have  not 
come  into  wide  practical  use. 

It  is  best  to  replace  the  SVD-120A  bulb 
with  the  SVDSh-250-3  (DRSh-250),  for  which 
the  01-18  lamp  can  be  modified.  This  lamp  is 
completely  suitable  for  working  with  lumines¬ 
cent  sera. 

The  near  ultraviolet  or  blue -violet  re¬ 
gion  of  the  spectrum  is  used  to  excite  fluor¬ 


Fig.  10.  01 -l8  lamp  re 
equipped  to  take  a 
SVDSh-250-3  bulb. 


escence  in  luminescence  microscopy.  Both  methods  have  their  advantages 
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and  drawbacks.  Ultraviolet  excitation  may  evoke  the  natural  fluores¬ 
cence  of  biological  specimens;  correct  color  transmission  is  maintained, 
but  this  is  not  important  in  working  with  luminescent  sera. 

The  principal  advantage  of  blue -violet  light  for  exciting  lumines¬ 
cence  wnen  using  fluorescent  sera  lies  in  the  brighter  luminescence 
produced.  This  is  due  both  to  the  fact  that  far  more  light  Is  passed  by 
blue-violet  than  ultraviolet  filters  and  that,  in  accordance  with  S.I. 
Vavilov's  law,  fluorescence  is  intensified  as  the  wavelength  of  the  ex¬ 
citing  light  Increases,  since  the  absorption  maximum  of  fluorescein  lies 
at  -190  mu  and  that  of  luminesceln  at  585  mu* 

Glass  filters  are  usually  used  to  Isolate  the  required  portion  of 
the  spectrum.  In  order  to  absorb  the  excess  light  excited  by  lumines¬ 
cence,  which  passes  through  the  microscope  optics  and  alters  the  lum¬ 
inescence  observed,  a  yellow  filter  is  Inserted  into  the  eyepiece,  ab¬ 
sorbing  the  excess  and  passing  the  luminescent  light.  Thus,  the  cross- 
filter  method  is  generally  used  in  luminescence  microscopy. 

Various  Soviet -produced  filters,  alone  or  in  combination  (PS-1, 

SS-4  +  SS  +  8,  etc.),  can  be  used  to  Isolate  the  blue-violet  portion 
of  the  spectrum. 

In  addition  to  filters  which  Isolate  the  appropriate  portion  of 
the  spectrum,  filters  which  absorb  the  infrared  and  red  radiation  and 
keep  the  optic  s  and  specimen  from  overheating  and  a  filter  which  ab¬ 
sorbs  short-wave  ultraviolet  radiation  and  so  reduces  the  discoloration 
of  the  specimen  are  necessary. 

The  most  acceptable  results  are  obtained  with  a  combination  of  a 
SZS-7  heat -protective  filter,  a  FS-1  violet  filter,  a  BS-8  short-ultra- 
vlolet-absorbent  filter,  and  a  T-2N  yellow  ocular  tartracine  filter. 

The  T-2N  has  now  been  replaced  by  a  filter  formed  by  combining  ZhS-l8 
and  ZhS-19  filters,  which  is  more  stable  with  respect  to  ultraviolet  and 
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blue-violet  light. 

Light-field  and  dark-field  illumination  with  transmitted  or  inci¬ 
dent  light  can  be  used  to  excite  luminescence  in  the  luminescence  mi- 
croscope. 

The  majority  of  Soviet  researchers  illuminate  the  specimen  with 
incident  light,  using  an  opaque  lamp  with  an  interference  light-separat 
lng  plate.  This  Illumination  system  has  a  number  of  advantages,  includ¬ 
ing  lower  losses  in  the.  light  produced  by  the  source,  an  improved  spec¬ 
tral  composition,  and  only  slight  direct  incidence  of  the  light  on  the 
observer's  eye.  In  addition,  since  the  objective  also  serves  as  the  con 
denser,  the  illumination  of  the  specimen  increases  with  its  aperture 
and  thus  with  its  magnification.  This  is  of  especially  great  importance 
in  studying  very  small  microorganisms  (Rickettsia  etc.),  where  powerful 
immersion  objectives  must  be  used. 

Ordinary  glass  microscope  objectives  can  be  employed  for  observing 
luminescence  excited  by  the  near-ultraviolet  or  blue -violet  regions  of 
the  spectrum.  Achrcmats  are  preferable  to  chromatic  lenses,  since  the 
latter  may  exhibit  natural  fluorescence  (Richards).  The  best  results 
can  be  obtained  by  using  special  Soviet -produced  luminescent  objectives 
with  no  natural  luminescence  (as  indicated  by  the  letter  L  on  their 
housings). 

Luminescence  microcsopy  can  easily  be  conjoined  with  the  phase- 
contrast  method. 

Simultaneous  observation  of  specimens  by  phase -contrast  and  lumin¬ 
escence  microscopy  is  of  especially  great  value  in  working  with  lumin¬ 
escent  sera,  since  it  permits  demonstration  of  the  presence  of  the 

causitive  agent  in  cases  where  it  has  not  fixed  the  fluorescent  anti¬ 
body. 

One  of  the  signs  which  distinguishes  the  specific  bonding  of  lum- 
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inescent  antibodies  to  the  corresponding  antigen  at  the  cell  surface 
from  autofluorescence  or  simple  adsorption  of  the  dye  is  the  presence 
of  a  luminous  ring  around  the  cell.  This  luminescence  is  referred  to 
as  specific  (Leptospirae  are  an  exception,  since  when  they  are  stained 
with  homologous  luminescent  serum  there  is  no  luminous  ring,  the  entire 
cell  being  stained;  Figs.  11,  12,  13  and  14). 

In  addition  to  a  sufficiently  high  objective  aperture  and  magni¬ 
fication,  the  eyepiece  magnification  is  of  great  importance  in  deter¬ 
mining  the  specific  character  of  the  luminescence  of  extremely  small 
.’.i^roorganisms  (Rickettsia,  Brucella,  and  the  causitive  agents  of  tu¬ 
laremia  and  whooping  ccugh).  When  the  ellminatiai  is  sufficient  it  is 

V 

best  to  use  a  7-10  power  eyepiece.  Low  eyepiece  magnifications  can  lead 
to  inaccurate  evaluation  of  the  specimen's  luminescence. 

In  the  luminescence  microscopy  of  microorganisms  treated  with  lum¬ 
inescent  sera  a  sufficiently  clear  image  can  be  obtained  only  by  using 
a  high-quality  nonfluorescent  immersion  oil.  In  addition  to  having  pro¬ 
per  Indices  of  refraction  and  dispersion,  the  oil  must  be  chemically 
inert  and  not  affect  the  microscope  optics.  It  should  be  noted  th£  the 
dispersion  of  the  oil  is  evidently  of  no  great  significance  in  working 
with  specimens  treated  with  serum  tagged  with  fluorescein  isocyanate, 
since  the  luminescence  is  more  or  less  monochromatic. 

A  number  of  substitutes  for  nonfluorescent  Immersion  oil  have  been 
suggested,  but  they  do  not  all  satisfy  the  aforementioned  requirements. 
Specifically,  dimethyl  phthalate,  which  is  recommended  by  many  research¬ 
ers,  quickly  dissolves  Canadian  balsam  and  can  consequently  cause  de¬ 
terioration  of  the  specimen. 

Use  of  ordinary  cedar  oil  may  lead  to  erroneous  conclusions  re¬ 
garding  the  character  or  the  specimen's  fluorescence,  since  it  alters 
the  character  of  the  1;  >lnescence  observed  when  employed  as  a  substi- 
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tute  for  nonfluore scent  oil. 

Water-immersion  objectives,  particularly  those  Included  with  the 
ML-1  and  ML-2  microscopes,  can  be  used  Instead  of  oil-lmmerslon  lenses 
for  luminescence  microscopy.  It  must  be  noted  that  these  microscopes 
are  the  most  suitable  for  luminescence  microscopy,  permitting  observa¬ 
tion  of  fluorescence  In  transmitted  and  Incident  light,  phase-contrast 
and  luminescence  studies,  and  microphotography  of  luminescent  specimens. 

The  most  Important  factor  In  the  production  of  comparable  results 
by  different  authors  In  working  with  luminescent  sera  is  objective 
evaluation  of  the  Intensity  of  the  exciting  light  and  of  the  specimen's 
luminescence.  Both  these  factors  are  now  usually  appraised  visually. 

The  specific  luminescence  of  bacteria  Is  currently  evaluated  on  the 
4-plus  scale: 

+-*•++)  bright-green  radiant  luminescence  at  the  periphery  of  the 
cell,  resembling  a  luminous  capsule. 

+++)  bright -green  luminescence  at  the  periphery  of  the  cell. 

++)  moderate  yellowish-green  luminescence  at  the  periphery  of 
the  cell. 

+)  weak  yellowish-green  luminescence  at  the  periphery  of  the 
cell. 

-)  cells  seen  as  barely  detectable  shadows. 

If  the  entire  cell  exhibits  uniform  bright -green  or  yellowish- 
green  luminescence,  this  is  regarded  as  a  sign  of  nonspecific  adsorp¬ 
tion  of  the  fluorescent  serum.  The  further  development  of  the  lumines¬ 
cent-antibody  method  must  include  the  divislng  of  attachments  for  the 
luminescence  microscope  which  will  permit  objective  evaluation  of  these 
factors. 

The  advantage  of  the  serum-luminescence  method  over  other  serolog¬ 
ical  reactions  lies  in  the  fact  that  we  can  use  it  to  evaluate  the  pre- 
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sence,  concentration,  and  localization  of  the  antigen  in  question  in 
cells  and  tissues  and  simultaneously  study  the  morphology  of  the  cau  - 
tlve  agent  under  investigation.  The  presence  of  other  antigens  (natural¬ 
ly  within  the  limits  of  serum  specificity)  presents  no  obstacle  to  its 
employment. 

At  the  same  time,  use  of  this  method  for  accelerated  diagnosis  of 
Infectious  diseases  is  not  always  effective:  its  high  sensitivity  and 
tne  conditions  under  which  the  specimens  (sera  ana  stains)  are  prepared 
lead  to  a  substantial  number  of  nonspecific  reactims. 

Such  reactions  may  develop  for  the  following  reasons: 

a)  nonspecific  adsorption  of  a  tagged  protein  which  does  not  have 
antibody  properties  on  a  fixation-altered  antigen; 

b)  the  presence  of  "normal"  or  heterogeneous  antibodies  in  the 
tagged  immune  serum; 

c)  an  antigenic  similarity  between  different  microorganisms  not 
detectable  by  the  usual  serological  methods  because  cf  their  low  sensi¬ 
tivity. 

Nonspecific  reactions  arise  under  the  following  conditions:  during 
treatment  of  the  serum  with  the  fluorescent  stain  the  latter  also  at¬ 
taches  to  nonantibody  protein  molecules,  this  being  true  even  for  the 
globulin  fraction,  which  contains  a  large  number  of  antibody  molecules. 
Any  high-molecular  protein  compound  can  easily  be  adsorbed  on  various 
substances,  regardless  rf their  antigenic  structure.  For  example,  the 
interaction  between  the  tagged  fluorescent  protein  and  the  specimen  may 
depend  on  the  difference  in  charge.  Thus,  Meyersbach  showed  that  the 
acid  proteins  of  the  antibody  and  the  alkaline  proteins  of  the  tissue 
under  investigation  Interact.  The  capacity  of  various  tissues  for  non¬ 
specific  protein  adsorption  has  been  used  to  differentiate  normal  and 
malignant  tissues,  which  have  been  found  to  differ  in  their  adsorption 
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of  fluorescent  albumin. 

Similar  nonspecific  adsorption  of  tagged  serum  on  various  parti¬ 
cles  evidently  also  occurs  In  attempts  to  detect  different  causative 
agents  In  the  feces  themselves ,  although  In  this  case  the  luminescence 
of  a  large  number  of  different  particles  Is  also  attributable  to  the 
presence  of  brightly  fluorescing  porphyrin  compounds. 

The  fact  that  smears  and  prints  prepared  on  slides  and  fixed  by 
various  methods  are  usually  used  to  detect  a  causltlve  agent  by  the  se¬ 
rum-luminescence  method  Is  of  great  Importance  In  the  development  of 
nonspecific  fluorescence  associated  with  adsorption. 

Crude  or  Incomplete  fixation  can  lead  to  denaturation,  destruction, 
or  elution  of  the  antigen,  which  In  turn  causes  a  substantial  Increase 
In  the  number  of  nonspecific  reactions.  For  example,  such  reactions  are 
often  observed  when  bacterial  smears  are  overheated  during  flame  fixa¬ 
tion. 

Another  factor  which  causes  nonspecific  staining  is  the  presence 
of  so-called  normal,  or  natural  antibodies  in  the  serum.  In  particular, 
antibodies  of  this  type  to  Staphylococcus  occur  widely  in  immune  sera. 
Consequently,  erroneous  results  can  easily  be  obtained  when  Staphylo¬ 
coccus  Is  present  in  the  material  under  Investigation  and  Is  morpholog¬ 
ically  similar  to  the  causative  agent  sought  (as  in  investigating  oral 
material  In  the  presence  of  the  causative  agent  of  pertussis). 

Errors  may  also  arise  In  using  the  serum-luminescence  method  (when 
the  luminescent  serum  has  a  low  specificity)  to  detect  infectious  agents 
with  an  antigenic  similarity  to  saprophytes  which  may  also  be  present 
In  the  material  under  investigation. 

Nonspecific  adsorption  of  various  fluorescent  components  of  tagged 
Immune  serum  can  also  be  attributed  to  technical  errors  committed  in 
combining  the  serum  and  the  fluorescent  dye  and  In  treating  the  speci- 
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men  with  the  serum.  Nonspecific  staining  Is  observed:  a)  when  the  serum 
is  insufficiently  purified  of  free  (unbonded)  fluorochrome  or  when  the 
latter  is  present  in  the  serum  as  a  result  of  dissociation  of  the  pro¬ 
tein-dye  complex;  b)  when  insufficiently  diluted  luminescent  serum  is 
used;  c)  when  the  specimen  is  treated  too  long  with  the  luminescent  se¬ 
rum;  d)  when  the  luminescent  serum  is  not  fully  washed  from  the  speci¬ 
men. 

A  number  of  controls  must  be  set  up  in  order  to  be  certain  of  the 
specific  character  of  the  staining  observed.  These  include: 

a)  treatment  of  specimens  known  to  contain  the  causative  agent 
..ei  ght  in  pure  culture  with  the  serum  in  question; 

b)  treatment  of  the  specimens  under  investigation  with  luminescent 
sera  heterologous  to  causative  agents  not  having  antigens  in  common 
with  that  sought; 

c)  treatment  of  specimens  containing  a  heterologous  causative 
agent  with  the  serum  in  question. 

As  an  additional  control  specimens  prepared  frc~  ultures  from  en¬ 
vironmental  objects  or  excreta  usually  subjected  to  .amination  but 
known  not  to  contain  the  causative  agent  sought  can  be  treated  with  the 
serum. 

Some  authors  have  proposed  sequential  or  simultaneous  treatment  of 
specimens  with  homologous  nonf luorescent  and  fluorescent  sera,  but  this 
does  not  produce  the  expected  decrease  in  luminescence  and  so  cannot  be 
recommended  as  a  control. 

One  important  factor  which  current  complicates  objective  evalua¬ 
tion  of  the  results  obtained  is  the  lack  of  standard  methods  for  com¬ 
paring  the  intensity  of  the  bacterial  fluorescence  observed  in  the  lum¬ 
inescence  microscope.  As  was  pointed  out  above,  this  comparison  is  made 
visually,  on  the  4-plus  scale,  which  requires  a  certain  skill. 
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Comparison  of  the  results  obtained  by  different  researchers  is 
hampered  by  the  fact  that  the  intensity  of  the  exciting  light  varies 
from  microscope  to  microscope  and  is  not  yet  accessible  to  objective 
evaluation. 

The  foregoing  enables  us  to  assign  the  serum-luminescence  method 
to  a  purely  guideline  role  among  other  bacteriological-diagnosis  tech¬ 
niques,  permitting  quite  rapid  establishment  of  the  primary  direction 
for  further  investigation. 

The  results  obtained  also  make  it  possible  to  take  prompt  antiepi¬ 
demic  measures  which  do  not  require  large  expenditures  or  disrupt  the 
normal  course  of  everyday  life  before  a  final  diagnosis  is  made. 

The  serum-luminescence  method  can  now  be  successfully  used  for 
diagnostic  purposes  only  in  infections  whose  laboratory  diagnosis  is 
based  solely  on  serological  reactions  (e.g.,  coloenteritis )  and  for  the 
causative  agents  of  infections  accompanied  by  symptoms  of  bacteriemia, 
where  the  bacteria  in  question  can  be  detected  in  the  blood,  organs, 
and  tissues  of  the  sick  person,  animal,  etc.  (e.g.,  in  typhoid  fever). 
In  some  cases  it  has  been  found  necessary  to  combine  the  luminescent - 
antibody  method  with  brief  culturing  on  selected  nutritive  media  in  or¬ 
der  to  increase  its  sensitivity  and  specificity. 

The  clearest  indications  of  the  presence  of  an  infectious  agent  in 
the  environment  are  obtained  for  Bacillus  anthracis  and  the  causative 
agents  of  plague,  cholera,  tularemia,  and  brucellosis. 

Use  of  the  luminescent -antibody  method  for  detecting  microbes  with 
a  close  antigenic  similarity  to  the  bacteria  of  the  associated  micro¬ 
flora  has  proved  rather  unsuccessful.  Causative  agents  cf  this  type  can 
at  present  be  identified  only  by  studying  the  aggregate  of  cultural, 
biochemical,  serological,  and  biological  indications  (Shigella  dysen- 
teriae.  Bacterium  typhosum  in  fecal  matter,  and  Cl.  botulinum).  This 
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method  Is  unsuitable  for  detecting  the  causative  agents  of  pertussis 
and  parapertussis,  despite  the  fact  that  there  are  certain  serological 
criteria  for  differentiating  them  from  the  persistent  nasopharyngeal 
microflora. 

INCREASING  PHAGE -TIT RE  REACTION 


Prof.  D.M.  Gol'dfarb 

Determination  of  Bacteriophage  Activity  (Tltre) 

The  activity  of  a  bacteriophage  Is  usually  evaluated  from  its  cap¬ 
acity  to  o ?»•>-'  lysis  of  a  bacterial  culture  in  a  liquid  or  solid  medium 
.  •*\p'-esred.  by  the  maximum  dilution  at  which  the  phase  exhibits  a 

c  action.  Determination  of  the  number  of  phage  corpuscles  per  unit 
volume  Is  a  more  precise  evaluation  method. 

Regardless  of  which  of  these  Indices  is  used  to  appraise  the  activ 
L t y  of  a  given  phage,  it  must  be  pointed  out  that  it  Is  relative,  i.e.  , 
phage  activity  depends  on  various  conditions.  Prime  among  these  are  the 
biological  characteristics  of  the  bacterial  cell  whose  activity  Is  being 
determined,  the  physical  properties  and  chemical  composition  of  the  me¬ 
dium,  the  ambient  temperature,  etc.  It  is  obvious  from  the  foregoing 
;hat  specific  standard  conditions  must  always  be  taken  Into  account  In 
characterizing  phage  activity.  Testing  the  same  phage  '.n  the  same  cul¬ 
ture  In  different  media  or  on  different  strains  of  the  same  species  of 
bacterium  In  the  same  medium  may  yield  sharply  variant  Indices  of  lytic 
capacity  in  liquid  media  and  different  numbers  of  colonies  on  solid  me¬ 
dia.  The  physiological  state  of  the  bacteria  on  which  the  phage  Is  test 
el  Is  reflected  In  Its  activity  indices.  This  is  best  seen  In  studying 
the  activity  of  the  phage  in  cultures  at  different  stages  of  multipli¬ 
cation.  The  phase  of  logarithmic  growth,  during  which  the  majority  of 
individuals  are  vitally  active,  is  the  most  favorable  for  interaction 
between  phage  and  cell.  As  the  number  of  inactive  bacteria  it  the  popu- 


latlon  increases  phage  activity  is  reduced. 

Phage  activity  is  usually  tested  on  meat -infusion  or  Hottinger's 
agar.  1.5#  meat -Infusion  and  peptone  agar  are  used  in  tests  on  dense 
media.  The  low  agar  concentration  reduces  medium  viscosity,  thus  promot¬ 
ing  better  phage  diffusion  and  colony  formation.  In  working  on  solid 
media  in  Petri  dishes  the  agar  layer  must  be  rather  thick  and  25-30  ml 
of  agar  is  consequently  poured  into  the  dish.  In  studying  the  activity 
of  dysentery,  typhoid,  and  colon  phages  on  agar  by  the  dish  method  0.1 
ml  of  4#  gentian  violet  is  added  to  each  liter  of  medium.  This  almost 
completely  prevents  contamination  of  the  medium  with  gram-positive  air¬ 
borne  flora  and  so  facilitates  the  work.  The  standard  cultures  on  which 
the  activity  of  the  phage  is  determined  should  be  raised  on  optimum  nu¬ 
tritive  media  and  used  during  their  logarithmic  growth  phase.  If  this 
is  difficult  under  specific  experimental  conditions  it  is  necessary  to 
provide  for  constant  culturing  conditions  and  for  using  cultures  of  the 
some  age. 

Appelman's  method.  A  number  of  neutral-glass  test-tubes  of  identi¬ 
cal  diameter  are  filled  with  precisely  4.5  ml  of  broth.  A  total  of  0.5 
ml  of  the  phage  under  study  is  added  to  the  first  test-tube.  Successive 
dilutions  are  then  prepared  by  transferring  0.5  ml  of  phage  from  test- 
tube  to  test-tube  with  separate  pipettes.  Under  normal  conditions  10 
test-tubes  are  used.  The  excess  0.5  ml  of  broth  in  the  last  test-tube 
Is  poured  off  and  one  drop  of  an  18-hr  broth  culture  is  added  to  all 
the  test-tubes.  The  11th  and  12th  test-tubes  serve  as  controls.  Broth 
and  culture  (but  no  phage)  are  added  to  the  former  and  broth  alone  to 
the  latter  (sterility  control).  All  12  test-tubes  are  placed  in  a  heat¬ 
er  at  37°  for  18  hr.  The  phage  tit  re  Is  determined  from  the  last  test- 
tube  vtaich  remains  clear  when  shaken  and  is  expressed  as  the  phage  dilu¬ 
tion.  If  the  last  test-tube  which  stays  completely  clear  is  the  7th,  the 
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phage  tit re  is  10“^. 


Furth's  method,  as  modified  by  M.N.  Fisher.  A  total  of  2  ml  of  bac¬ 
teriophage  is  mi  'ed  with  agar  melted  and  cooled  to  45*  and  paired  into 
a  Petri  dish.  The  dish  Is  dried  in  a  heater  and  then  divided  in¬ 
to  30  sectors,  to  each  of  which  a  drop  of  the  broth  culture  under  inves¬ 
tigation  is  added.  The  culture  is  incubated  at  37°  for  18-20  hr  and  its 
lyzabllity  is  calculated. 

Determination  of  phage  litre  by  D'Herelle’s  method.  A  total  of 
0.00002  (2*10-^)  ml  of  phage  is  added  to  10  ml  of  a  broth  suspension 
o.  i.‘  .lining  250  million  bacteria  per  ml,  the  mixture  is  shaken,  and  0.01 
ni  ’s  spread  over  an  agar  surface.  The  number  of  phage  colonies  is 
counted  after  18  hr  in  a  heater. 

Agar-layer  method.  The  agar-layer  method,  proposed  by  Grazia  in 
1936,  is  the  most  convenient  and  precise  technique  for  quantitative  de¬ 
termination  of  a  given  phage.  This  procedure  creates  the  best  conditions 
for  contact  between  the  phage  and  the  bacteria  and  for  formation  of  in¬ 
dividual  phage  colonies.  It  can  successfully  be  used  to  study  the  mech¬ 
anism  of  phage -colony  formation  and  the  morphological  characteristics 
of  various  phages. 

The  technique  employed  is  essentially  as  follows:  25-30  ml  of  1.5jf 
meat -infusion  agar  containing  gentian  violet  is  poured  into  dishes  on 
the  day  before  the  experiment.  The  dishes  are  covered  with  sterile  pa¬ 
per,  dried  under  a  bactericidal  lamp,  covered  with  lids,  and  left  to 
..tand  overnight  in  an  inverted  position  at  room  temperature.  This  is 
necessary  to  dry  the  agar,  since  the  slightest  moisture  can  distort  the 
results  of  quantitative  study  of  the  phage. 

At  this  point  2.5  ml  of  0.7$  agar  Is  poured  into  a  test-tube, 
melted,  and  cooled  to  46-47°.  To  it  is  added  1  ml  of  the  phage  under 
investigation,  followed  by  0.1  ml  of  a  standard  culture,  turning  the 
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test-tube  all  the  while;  the  contents  are  rapidly  nixed,  poured  over 
the  surface  of  the  1*5#  agar,  and  distributed  with  careful  motions.  The 
dish  is  left  to  stand  for  30  min  in  order  to  permit  the  agar  to  harden 
and  is  then  incubated  in  a  heater  at  37®. 

A  count  can  be  made  after  5-6  hr  of  incubation  In  the  heater.  In 
order  to  obtain  good  results  the  dishes  should  be  kept  on  a  horizontal 
surface  to  prevent  the  agar  from  running  to  one  side.  It  must  also  be 
kept  in  mind  that  melted  0.7#  agar  cooled  to  46®  cannot  be  stored  for 
more  than  an  hour,  since  it  acquires  a  gelatinous  consistency.  After 
incubation  in  the  heater  the  number  of  phage  colonies  is  determined  and 
multiplied  by  the  dilution  factor. 

Jones  and  Kruger's  method.  These  authors  used  their  method  for  in¬ 
vestigating  Staphylococcus  phage.  Slides  are  washed  with  a  chromate 
mixture,  rinsed  with  tap  water,  acetone,  and  distilled  water,  dried  at 
55"  between  strips  of  paper,  and  placed  in  rows  on  a  horizontal  glass 
surface.  A  total  of  2.5  ml  of  a  suspension  containing  6*10^  bacteria 
per  ml  is  placed  in  a  test-tube,  0.5  ml  of  appropriately  diluted  phage 
is  added,  and  the  two  are  thoroughly  mixed  and  left  to  stand  at  room 
temperature  for  5-10  min.  Now  2  ml  of  0.75#  agar  melted  in  a  boiling- 
water  bath  is  added  to  the  phage -culture  mixture  along  the  wall  of  the 
test-tube.  The  final  mixture  temperature  should  not  exceed  45°.  The 
contents  of  the  test-tube  are  thoroughly  stirred  and  0.5  ml  of  the  mix¬ 
ture  is  applied  to  the  surface  of  a  slide  and  permitted  to  dry  for  5 
min.  The  preparation  is  placed  on  glass  rods  in  a  Petri  dish  with  a 
piece  of  moist  filter  paper  on  the  bottom  and  incubated  In  a  heater  at 
37®  for  4  hr. 

Increasing  Phage -Tltre  reaction 

The  data  which  has  now  been  amassed  on  the  mechanism  and  phases 
of  the  interaction  between  phages  and  bacteria  has  created  a  basis  for 
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TABLE  2 

Sequence  of  Phases  In  the  Quantitative  Chan¬ 
ges  in  a  Phage  Population  in  Contact  with 
Bacteria 


1 

JljtmTnMl  wpiwi  pocri 

.2 

yMCNMUtNHC  RRM* 

Mhcao  RKTRr?c«o6ot- 

y*MNRCRRC  MCJII 

cktmu  cwfaiHoro  $*r« 

Mors  $iri  Act  rimchc- 

sKtr«  ccoAoiroto 

4 

rrA 

*crc 

1)  Adsorption  of  phage  on  bacteria;  2)  latent  period;  3)  bacterial  ly- 
4)  decrease  in  number  of  free  phage  particles;  5)  number  of  free 
phage  particles  unchanged;  6)  increase  in  number  of  free  phage  parti- 
lcs. 


rie  'eloping  a  method  for  specific  identification  of  causative  agents  in 
the  material  to  be  investigated,  without  isolation  of  a  pure  culture. 
The  principle  involved  was  derived  from  analysis  of  the  quantitative 
changes  which  occur  in  a  phage  population  in  contact  with  bacteria. 

The  sequence  of  phases  involved  in  these  changes  can  be  represent¬ 
ed  by  the  scheme  shown  in  Table  2. 

It  is  best  to  use  the  last  phase  of  the  interaction  between  phage 
and  bacteria,  i.e.,  the  Increase  in  the  number  of  phage  particles  after 
the  latent  period  of  intracellular  growth,  as  an  Indicator.  Consequent¬ 
ly,  if  the  material  under  investigation  contains  the  infectious  agent 
sought  homologous  phage  added  to  lc  reacts  with  the  bacteria  and  multi¬ 
plies,  the  subsequent  increase  in  the  intracellular  free-phage  concen¬ 
tration  demonstrating  the  presence  of  the  agent. 

Proceeding  from  these  premises,  V.D.  Timakov  and  D.M.  Gol'dfarb 
developed  a  diagnostic  reaction  called  the  Increasing  phage-titre  reac¬ 
tion,  which  consists  in  the  following: 

1.  The  material  tobe  Investigated  is  transferred  to  the  optimum 
medium  for  interaction  of  the  phage  and  bacteria. 

2.  A  definite  number  of  indicator-phage  particles  is  added  to  the 
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substrate. 

3.  The  mixture  (material  and  phage)  Is  Incubated  at  37*  In  order 
to  facilitate  contact  between  the  phage  and  bacteria  and  subsequent 
multiplication  of  the  former  In  the  latter. 

4.  The  multiplying  phage  Is  separated  from  the  foreign  microflora. 

5*  The  phage  concentration  is  determined  by  Grazia's  method. 

Which  phages  can  be  used  as  Indicators?  On  the  basis  of  results 

obtained  in  studying  the  individual  stages  of  the  interaction  of  bacter¬ 
ia  and  phages,  V.D.  Timakov  and  D.M.  Gol'dfarb  (i960)  formulated  the 
concept  of  the  "indicator  phage,"  which  has  the  following  characteris¬ 
tics: 

1.  An  Indicator  phage  is  a  virulent  phage  characterized  by  a  pre¬ 
cisely  delimited  sphere  of  action. 

2.  It  should  have  a  rather  high  adsorption  activity,  a  brief  la¬ 
tent  period  of  intracellular  growth,  and  a  high  productivity. 

3.  It  should  have  a  rather  high  effective-reproduction  index. 

Experimental  study  of  the  effectiveness  of  the  IPR  as  a  function 

of  the  quantitative  relationship  between  the  phage  and  the  bacteria  has 
shown  that  the  calculated  increase  in  tltre  occurs  only  when  this  ratio 
does  not  exceed  a  level  characteristic  of  the  phage  and  bacterium  in 
question. 

In  setting  up  the  IPR  it  is  necessary  to  take  into  account  the 
possibility  that  the  material  to  be  Investigated  contains  native  phage. 
This  phage,  summing  with  the  added  indicator  phage,  can  distort  the  re¬ 
sults  of  the  reaction  and  simulate  an  increase  in  tit re.  Two  factors 
enable  us  to  avoid  this  difficulty: 

1.  The  difference  in  the  morphology  of  negative  colonies  of  the 
Indicator  phage  and  of  the  free  phage  in  the  material. 

2.  Checking  the  material  for  free  phage. 
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All  these  data  furnished  a  basis  for  the  development  and  practical 
verification  of  a  method  for  Indicating  various  pathogenic  bacteria  In 
diverse  materials. 

.'■lmpllfled  Increasing  phage-tltre  reaction  (after  V.N.  Kuznetsova) 

This  variant  Is  precisely  the  same  as  the  basic  method  to  the  point 
where  the  number  of  phage  particles  in  the  experimental  and  control  mix¬ 
tures  is  determined.  It  differs  in  tie  fact  that  the  phage  concentration 
Ln  the  mixtures  is  deteimined  on  slides  or  in  depressions  in  a  block  of 
paraffin  rather  than  in  dishes.  The  modified  IPR  involving  use  of  slides 
variant  of  the  phage -tit  rat  ion  method  proposed  by  Jones  and  Kruger. 
Preparation  of  slides.  Melted  paraffin  is  applied  to  carefully 
washed  and  degreased  slides.  One  edge  of  the  slide  (1.5  cm)  is  left 
clear  for  the  analysis  number. 

After  the  paraffin  has  dried  a  frame -like  notch  Is  cut  into  It, 
smoothing  off  the  edges  with  a  scalpel.  A  total  of  2-3  ml  of  1.5#  agar 
is  poured  into  the  area  bounded  by  the  frame. 

Preparation  of  depressions  ln  paraffin  block.  Melted  paraffin  in 
portions  of  25-30  ml  is  poured  into  Petri  dishes.  After  it  has  cooled 
4-5  2-2.5  cm  circles  are  made  with  a  compass  or  the  pointed  end  of  a 
large -diameter  test-tube  and  the  paraffin  which  they  encompass  is  re¬ 
moved.  The  depressions  thus  formed  are  filled  with  2-3  ml  of  1.5#  agar. 

The  paraffin  dishes  and  slides  with  frames  can  be  prepared  before¬ 
hand,  but  the  agar  is  poured  into  them  immediately  before  the  investi¬ 
gation.  The  agar-bearing  dishes  and  slides  can  be  used  as  soon  as  the 
agar  is  dry  (5-10  min).  A  total  of  0.2  ml  of  a  mixture  consisting  of 
1  ml  of  the  sample  to  be  investigated,  2  ml  of  0.7#  agar,  and  0.1  ml  of 
a  standard  bacterial  culture  is  then  applied  to  the  surface  at  the 
1.5#  agar  within  the  paraffin  frame  on  a  slide  or  in  one  of  the  depres¬ 
sions  in  a  dish. 
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Each  sample  Is  applied  to  a  single  slide  or  a  single  depression  In 
the  paraffin  block,  while  the  phage-titre  control  Is  applied  to  2  slides 
or  2  depressions.  Thus,  4-5  samples  can  be  accommodated  by  one  Petri 
dish.  As  soon  as  the  top  layer  of  agar  has  dried  (5-10  min)  the  slide 
is  placed  In  a  heater  (at  37* )•  Slides  are  first  placed  in  a  desiccator 
or  a  Petri  dish  (on  glass  rods)  with  a  piece  of  moist  filter  paper  or 
cotton  on  the  bottom  and  then  Incubated  for  4  hr  at  37° •  The  results 
are  determined  by  counting  the  phage  corpuscles. 

Similar  data  were  obtained  in  experiments  involving  parallel  titra¬ 
tion  of  Plexner's  phage  on  slides,  paraffin-block  depressions  (experi¬ 
ment),  and  Petri  dishes  (control).  The  number  of  negative  colonies  var¬ 
ied  from  24  to  63  in  the  experimental  samples  and  from  13  to  30  in  the 
control  samples.  This  Indicates  that  it  is  possible  to  use  slides  and 
paraffin-block  depressions  Instead  of  dishes  to  determine  the  number  of 
phage  corpuscles  in  the  increasing -titre  reaction. 

This  variant  of  the  IPR  is  sufficiently  precise  and  permits  a  sub¬ 
stantial  reduction  in  the  consumption  of  nutritive  media,  Petri  dishes, 
and  pipettes,  which  makes  it  suitable  for  practical  use.  It  proved  im¬ 
portant  that  negative  colonies  clearly  appeared  in  the  agar  on  the 
slides  and  in  the  depressions  after  2-2  1/2  hr  at  37° •  This  has  made  It 
possible  to  reduce  the  duration  of  the  reaction  from  11-12  hr  to  9  hr. 

Modification  of  the  increasing  phage-titre  reaction  for  investigating 
specimens  containing  free  phage 

Evaluation  of  the  results  of  the  increasing  phage-titre  reaction 
reduces  to  counting  the  negative  colonies  In  dishes  containing  cultures 
of  the  material  under  investigation  after  incubation  with  an  Indicator 
phage.  A  sharp  increase  in  the  number  of  negative  colonies  in  compari¬ 
son  with  the  control  (phage  and  broth)  indicates  that  the  causative 
agent  sought  is  present  in  the  material.  However,  natural  substrates 
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(river  or  reservoir  water,  sewage,  fecal  matter)  may  contain  free  phage 
as  well  as  bacteria;  this  phage  sums  with  the  added  Indicator  phage  and 
may  In  some  cases  simulate  an  increase  In  phage  tltre,  thus  distorting 
• ne  results.  In  the  overwhelming  majority  of  cases,  however,  the  tltre 
. ;f  the  phage  present  In  the  material  is  relatively  low,  so  that  the  di¬ 
lution  of  the  experimental  and  control  mixtures  provided  for  in  the  re¬ 
action  partially  eliminates  the  difficulty.  Nevertheless,  the  reaction 
.iiao  provides  for  a  check  on  the  presence  of  free  phage.  The  increasing 
: nage -tltre  reaction  would  obviously  be  substantially  simpler  and  Its 
.its  more  precise  If  It  'were  possible  to  free  the  material  of  phage 
’.rehand  without  detrimentally  affecting  the  infectious  agent  which 
it  contained.  The  difficulty  of  solving  this  problem  lies  in  the  fact 
that  many  phages,  particularly  those  of  the  colon  type,  are  most  resis¬ 
tant  to  the  action  of  physical  and  chemical  factors  than  the  correspond¬ 
ing  bacteria. 

Its  solution  was  made  possible  by  the  work  of  D. M.  Ool 'dfarb  and 
Brocker,  who  studied  the  antiphagic  and  antibacterial  action  of  a  num¬ 
ber  of  alkylating  compounds,  including  embrychlne  and  certain  of  its 
lerivatlves,  which  have  a  marked  phagocidal  action  but  no  Influence  on 
oacteria.  The  insoluble  preparation  dimesol-l4,  whose  antiphagic  effect 
was  discovered  by  D.M.  Gol 'dfarb  and  F.I.Yershov,  proved  to  be  the  most 
suitable  of  the  compounds  studied. 

The  modified  increasing  phage-titre  reaction  using  dlmesol-14  is 
conducted  in  the  following  manner:  a  nutritive  medium  is  added  to  the 
substrate  under  investigation,  200-300  y/ml  of  dimesol-14  is  introduced, 
and  the  mixture  is  shaken  fcr  30  min  at  room  temperature  and  precipi¬ 
tated  by  centrifuging  at  500  rpm  for  5  min  or  by  being  left  to  stand; 
the  residue  is  removed  and  the  indicator  phage  is  added  to  the  superna¬ 
tant.  The  subsequent  analysis,  i.;  conducted  in  the  same  fashion  as  in 
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the  ordinary  Increasing  phage-titre  reaction. 

Use  of  dimesol-14  in  the  increasing  phage-titre  reaction  led  to 
destruction  of  99*9-100#  of  the  phage  and  made  it  possible  to  detect 
100  bacteria  in  1  ml  of  aqueous  phage-contalng  substrates  and  20  mil¬ 
lion  bacteria  in  1  g  of  fecal  matter.  Control  bacteriological  experi¬ 
ments  conducted  with  the  mixtures  demonstrated  the  lower  sensitivity  of 
the  usual  investigation  method. 

USE  OF  IMMUNE  REACTIONS  FOR  DIAGNOSING  INFECTIOUS  DISEASES  AND  INDICAT¬ 
ING  MICROORGANISMS 

Prof.  K.I-  Matveyev,  T.I.  Bulatova,  Candidate  of  Medical  Sciences,  B.D. 
Bychenko,  Candidate  of  Medical  Sciences,  and  T.I.  Sergeyeva,  Candidate 
of  Medical  Sciences 

Various  immune  reactions  are  widely  used  for  diagnosing  infectious 
diseases  in  man  and  for  determining  the  species  of  microbes  isolated 
from  patients,  carriers,  and  the  environment. 

Diagnostic  sera  consisting  of  suspensions  of  killed  bacteria  in 
physiological  solution  are  quite  widely  used  in  the  agglutination  reac¬ 
tion  for  diagnosing  typhoid  fever,  typhus,  brucellosis,  tularemia,  lep¬ 
tospirosis,  and  other  infections.  Well -studied  strains  of  microbes  which 
do  not  give  group  reactions  must  be  used  to  prepare  the  sera.  Their 
great  advantage  over  live  microbial  cultures  for  immune  reactions  lies 
in  the  fact  that  they  are  prepared  from  specific  special  strains  of 
microbes  highly  sensitive  to  the  patient's  antibodies.  Microbes  in  diag¬ 
nostic  sera  retain  their  antigenic  properties  for  a  considerable  period, 
can  be  standardized  beforehand,  and  are  safe  to  work  with.  Bacteria 
killed  with  various  chemicals  retain  their  antigenic  properties  better 
than  those  killed  by  heat.  Formalin  has  proved  to  be  the  best  preserva¬ 
tive  for  diagnostic  sera.  Madsen's  investigations  showed  that  use  of 
killed  bacteria  yields  more  precise  and  consistent  results  than  Widal's 
reaction  with  live  Bacterium  typhosum. 
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Selection  of  microbial  strains  for  preparation  of  diagnostic  sera 
is  a  tedious  and  important  task,  since  they  must  not  only  be  specific 
but  must  also  be  able  to  combine  rapidly  with  the  antibodies  and  yield 
clear  immune  reactions. 

Specific  diagnostic  sera  are  employed  for  determining  the  species 
of  pathogenic  bacteria  isolated  from  patients,  carriers,  or  the  environ¬ 
ment.  In  the  majority  of  cases  the  final  and  decisive  stage  of  the  in¬ 
vestigation  Is  an  immune  reaction  with  a  pure  microbial  culture.  The 
importance  of  the  specificity  and  quality  of  the  diagnostic  serum  in 
u. .mining  the  species  of  a  microbe  is  consequently  extremely  great. 
Carefully  selected  and  thoroughly  studied  microbial  strains  must  be 
used  in  preparing  such  sera.  In  addition  to  specific  species -related  or 
typological  properties,  the  species  must  have  good  antigenic  properties. 

Bacteria  are  complex  organisms  with  respect  to  antigenic  composi¬ 
tion,  containing  various  chemical  compounds,  many  of  which  have  anti¬ 
genic  properties  and  cause  antibody  formation  on  immunization.  When  live 
or  killed  bacteria  are  Introduced  into  the  body  several  antibodies  are 
formed,  which  may  enter  into  an  immune  reaction  with  individual  antigens 
of  the  microbial  cell. 

In  using  bacteria  to  produce  diagnostic  sera  their  variability  must 
be  kept  in  mind.  Certain  generations  may  have  an  altered  chemical  com¬ 
position,  undergo  substantial  loss  of  specific  antigens,  and  acquire 
new  antigens  now  always  characteristic  of  the  species  of  microbe  in 
question.  Individual  antigens  can  be  decomposed  by  heating  the  bacteria 
or  can  be  Isolated  in  pure  form  by  chemical  means.  Sufficiently  speci¬ 
fic  diagnostic  sera  can  be  obtained  by  immunizing  animals  with  certain 
antigens. 

Some  sera  with  a  broad  immune -react ion  spectrum  must  be  adsorbed 
on  antigens  by  Castellani's  method,  which  removes  a  portion  of  their 
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antibodies  and  makes  them  more  specific. 

Selection  of  the  producer  animal  is  important  in  preparing  a  spe¬ 
cific  diagnostic  serum.  Some  animals  have  normal  antibodies  to  various 
species  of  bacteria  and  their  toxins.  If  an  animal  has  normal  antibod¬ 
ies  only  to  the  microbe  (toxin)  which  is  to  be  used  for  immunization  it 
is  quite  satisfactory  for  preparation  of  diagnostic  serum.  An  animal 
>hose  blood  contains  normal  antibodies  to  various  species  (types)  of 
bacteria  with  similar  antigenic  and  biological  properties  is  unsuitable 
’or  production  of  specific  diagnostic  serum. 

An  important  factor  in  correctly  setting  up  an  immune  reaction  for 
diagnosing  an  infection  or  determining  the  species  of  a  microbe  is  ob¬ 
servation  of  all  the  basic  rules  and  conditions  which  promote  an  opti¬ 
mum  reaction  course  and  yield  reliable  results.  A  great  deal  of  atten¬ 
tion  must  be  paid  to  proper  preparation  of  the  0. 8556  sodium  chloride 
solution  used  to  dilute  the  antigens  and  sera.  Solutions  with  a  lower 
sodium  chloride  concentration  must  be  used  for  the  reaction  in  some  ca¬ 
ses.  The  pH  of  the  antigen  and  serum  dilutions  must  be  determined  in 
setting  up  immune  reactions,  especially  precipitation  and  complement- 
fixation  reactions.  All  Immune  reactions  proceed  best  at  a  medium  pH 
of  7. 0-7- 4. 

Agglutination  Reaction 

Agglutination  (from  the  Latin  agglutinatio,  meaning  gluing)  refers 
to  the  aggregation  and  precipitation  (from  a  homogeneous  suspension)  of 
bacteria,  yeasts,  erythrocytes,  and  other  cellular  eleir.  ,.ts. 

We  distinguish  specific  agglutination,  which  is  observed  In  a  mix¬ 
ture  of  a  dilute  immune  serum  and  a  microbial  suspension  in  physiologi¬ 
cal  solution  (immunoagglutlnation)  and  chemical,  or  ac’d  o'-gAot  ’  :■•••■  t  b  i  , 
which  occurs  when  a  microbial  suspension  is  introduced  into  a  solution 
of  lactic,  acetic,  or  other  acids  or  salts.  Spontaneous  agglutination 
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may  take  place  when  the  colloid -chemical  properties  of  a  cellular  anti- 
are  altered.  Acid  and  spontaneous  agglutination  are  types  rf nonspeci 
fic  agglutination. 

Mechanism  of  the  agglutination  reaction.  The  agglutination  reac¬ 
tion  Is  based  on  the  Interaction  between  an  antigen  and  an  antibody. 
Bacteria,  erythrocytes,  or  other  cellular  elements  can  be  employed  as 
antig.  s  in  the  agglutination  reaction.  The  antibodies  are  furnished  by 
serum  from  animals  Immunized  with  the  appropriate  antigen  or  from  sick 
persons. 

The  agglutination  reaction  is  manifested  in  the  fact  that  when  im¬ 
mune  serum  is  added  to  a  uniform  bacterial  suspensicn  the  cells  clump 
to  form  fine  granules  or  flakes,  which  gradually  settle  to  the  bottom 
and  leave  the  supernatant  clear. 

In  order  to  demonstrate  the  agglutination  reaction  it  is  necessary 
that  the  Interaction  of  the  antigen  and  antibody  take  place  in  a  medium 
containing  small  quantities  of  erythrocytes.  This  is  permitted  by  use 
of  physiological  solution  (0.85#  sodium  chloride)  to  dilute  the  reagent 

The  manifestation  of  the  bacterial  agglutination  reaction  depends 
on  the  properties  of  the  antigen:  atrichous  bacteria,  which  have  only 
one  somatic  or  0  antigen,  exhibit  clumping  of  the  cells  themselves,  so 
that  the  agglutinates  have  the  form  of  small,  compact  granules.  Such 
agglutination  is  referred  to  as  fine-grained  and  takes  place  slowly, 
over  a  period  of  18-24  hr.  In  flagellate  bacteria  the  flagella  adhere 
to  one  another  and  large  porous  flakes  are  formed.  This  type  of  agglu¬ 
tination  is  referred  to  as  large-grained  and  takes  place  rapidly,  with¬ 
in  2-4  hr  at  37°. 

The  nature  of  the  agglutination  reaction  observed  in  vitro  is  at 
present  unclear.  There  is  no  doubt  that  it  is  a  physicochemical  process 
r>alogous  to  that  which  occurs  when  colloids  precipitate  in  the  presence 
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of  electrolytes. 

It  has  been  established  (Borde,  1939)  that  the  agglutination  reac¬ 
tion  takes  place  In  two  stages:  during  the  first  stage  the  agglutinins 
are  adsorbed  on  the  cell  surface,  i.e.,  the  antigen  combines  with  the 
antibody.  This  is  the  specific  phase  of  the  reaction,  a  manifestation 
of  the  immunological  relationship  between  the. antigen  ard  the  antibody; 
it  yields  no  apparent  effect  and  proceeds  undetec tably. 

During  the  second  stage,  which  occurs  only  in  the  presence  of  elec¬ 
trolytes,  the  bacterial  cells  aggregate  and  precipitate  by  a  nonspeci¬ 
fic  process  similar  to  the  precipitation  of  colloids. 

The  aggregation  and  precipitation  of  bacteria  in  the  presence  of 
electrolytes  is  due  to  a  decrease  in  the  number  of  electric  charges  on 
the  cell,  so  that  like-charged  cells  begin  to  attract  rather  than  repel 
one  another. 

The  agglutination  reaction  serves  two  basic  functions: 

a)  diagnosis  of  diseases  by  detection  of  antibodies  to  a  known 
species  of  bacterium  (antigen)  In  the  patient's  blood  serum; 

b)  determination  of  the  species  (type)  of  bacteria  In  various 
specimens  with  the  aid  of  agglutinative  sera  containing  known  agglutin¬ 
ins. 

Agglutination  reaction  with  a  patient's  serum 

The  patient's  serum,  an  antigen  (bacterial  suspension),  a  O.85# 
sodium  chloride  solution  in  distilled  water,  and  test-tubes  and  pipettes 
for  diluting  the  serum  and  antigen  are  necessary  to  set  up  the  agglu¬ 
tination  reaction. 

Patient's  serum.  In  order  to  obtain  serum  from  the  patient  3-5  ml 
of  blood  is  taken  by  venipuncture  or  from  a  finger  under  aseptic  con¬ 
ditions.  The  blood  is  collected  in  a  small  sterile  test-tube  and  left 
to  stand  for  1  hr  at  room  temperature  or  for  20  min  at  37°  in  a  heater 


to  permit,  a  clot  to  form.  The  clot  is  then  removed  from  the  wall  of  the 
test-tube  with  the  closed  end  of  a  Pasteur  pipette  or  a  platinum  loop 
and  the  test-tube  is  placed  in  a  refrigerator  for  clarification  of  the 
serum.  The  serum  is  drawn  off  with  a  Pasteur  pipette  and  transferred 
to  a  clean  test-tube.  If  it  contains  erythrocytes  it  must  be  centri¬ 
fuged  and  the  clear  serum  is  then  again  drawn  off. 

To  preserve  the  serum  2#  chemically  pure  boric  acid  is  added  and 
completely  dissolved  or  the  serum  is  diluted  with  physiological  solution 
containing  0.5#  carbolic  acid. 

The  serum  is  shipped  in  sealed  ampules  or  pipettes  or  in  dry  firm. 
In  the  latter  case  2  drops  of  blood  or  serum  are  applied  to  a  piece  of 
filter  or  parchment  paper,  which  is  carefully  folded  and  shipped  to  the 
laboratory  after  drying  (L.I.  Shershacheva  and  L.V.  Nikolskaya). 

A  piece  is  cut  from  the  filter  or  parchment  paper  with  scissors, 
flooded  with  1  ml  of  water  if  carrying  dry  blood  or  2  ml  of  water  If 
carrying  dry  serum,  and  placed  in  a  heater  for  1  hr  to  permit  extrac¬ 
tion.  Clear  serum  in  a  dilution  of  1:20  (since  the  volume  of  2  drops  of 
blood  is  approximately  0.1  ml  and  the  serum  constitutes  50 %  of  the 
blood  volume,  i.e.,  0.05  ml)  is  obtained  after  standing  or  centrifuging. 

The  1:20  serum  dilution  obtained  serves  as  the  starting  point  for 
the  further  dilution  necessary  for  the  reaction. 

Blood  or  serum  intended  for  analysis  is  furnished  with  a  packing 
slip,  which  indicates  the  patient’s  surname,  given  name,  patronymic, 
age,  case-history  number,  and  proposed  diagnosis. 

Antigen.  A  suspension  of  live  or  killed  bacteria  in  physiological 
solution  is  used  for  the  agglutination  reaction  with  the  patient ’3  se¬ 
rum.  In  order  to  prepare  the  antigen  the  laboratory  should  have  avail¬ 
able  cultures  with  smooth  S-shaped  colonies  carefully  selected  for  oth¬ 
er  properties  and  giving  an  agglutination  reaction  with  specific  homo- 
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logous  serum  when  diluted  to  maximum  tltre. 

In  connection  with  the  possible  variability  of  the  bacterial  cul¬ 
tures  used  to  prepare  the  antigen  they  are  systematically  recultured 
on  the  same  medium  (no  less  than  once  every  5-7  days)  and  their  bio¬ 
chemical  and  other  properties  and  agglut Inability  with  specific  serum 
are  checked.  Cultures  which  have  been  stored  In  the  laboratory  for  ex¬ 
tended  periods  occasionally  exhibit  spontaneous  agglutination,  which 
implies  dissociation  and  appearance  of  bacteria  producing  coarse 
R-shaped  colonies;  on  the  other  hand,  the  bacteria  may  produce  genera¬ 
tions  with  a  reduced  agglut Inability.  Cultures  whose  specific  proper¬ 
ties  have  changed  are  unsuitable  for  preparation  of  the  antigen  used  In 
the  agglutination  reaction. 

The  activity  and  specificity  of  the  bacterial  antigen  depends  on 
the  composition  and  structure  of  its  complexes.  Bacteria  contain  anti¬ 
gens  of  three  types,  which  play  a  large  role  in  the  agglutination  re¬ 
action:  a  thermostable  somatic,  or  0  antigen,  a  thermolabile  flagellel, 
or  H  antigen,  and  a  virulent,  or  VI  antigen.  The  thermolabile  H  antigen 
decomposes  at  a  tempa?ature  of  100°  or  under  the  action  of  alcohol;  It 
bonds  with  the  flagella  of  the  microbial  cell.  When  reacted  with  speci¬ 
fic  serum  It  forms  large  porous  flakes  on  the  bottom  of  the  test-tube; 
these  appear  after  2  hr  at  37°.  Bacteria  adhere  to  one  another  by  their 
flagella  during  H -agglutination. 

The  thermostable  somatic  0  antigen  withstands  heating  at  100°  for 
2  hr  with  its  properties  almost  unchanged;  it  is  found  in  the  cytoplasm 
of  the  cell.  When  reacted  with  Immune  serum  the  0  antigen  forms  fine 
grannular  aggregates,  which  settle  to  the  bottom  of  the  test-tube  as  a 
compact,  dense  residue  over  a  period  of  18-24  hr  at  37°.  This  process 
is  known  as  0  agglutination  and  Involves  adhesion  of  the  cells  them¬ 
selves. 
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In  193^  Felix  and  Pitt  discovered  the  Vi  antigen  in  Bacterium  ty- 
phosum;  this  antigen  is  found  in  freshly  isolated  virulent  strains  or 
in  such  strains  cultured  on  complete  nutritive  media  at  optimum  temper¬ 
atures.  It  is  relatively  thermolabile :  in  microbial  suspensions  heated 
to  60-62*  its  agglut inability  with  Vi  serum  is  greatly  reduced,  while 
at  higher  temperatures  it  decomposes.  The  Vi  antigen  is  somatic,  but 
lies  closer  to  the  cell  surface  than  the  0  antigen,  so  that  it  prevents 
interaction  between  this  antigen  and  0  serum;  this  explains  the  0  non- 
agglutinability  of  strains  with  a  Vi  antigen.  When  agglutinated  with 
imir.ne  Vi-serum  the  Vi  antigen  forms  a  fine-grained  agglutinate.  It  can 
be  precipitated  from  mixtures  with  the  0  antigen  by  potash  alum  or  uran¬ 
ium  and  lanthanum  salts. 

Diagnostic  sera  prepared  from  well -studied  specific  strains  with 
good  agglut inability  for  sera  from  patients  are  most  often  employed  in 
setting  up  the  agglutination  reaction  for  diagnostic  purposes. 

The  simplest  method  of  preparing  the  somatic  0  antigen  is  to  heat 
the  bacterial  suspension  in  a  boiling-water  bath  for  1  l/2-2hr.  The 
0  antigen  thus  obtained  over  a  prolonged  period. 

The  H  antigen  is  prepared  by  treating  a  6-8  hr  flagellate  broth 
culture  with  0.5-0.75#formalin,  taking  commercial  formalin  as  100#. 

A  suspension  of  live  Bacterium  typhosum,  which  contains  the  Vi  an¬ 
tigen,  is  used  to  detect  VI  antibodies  In  serum  from  patients. 

Since  certain  strains  of  Bacterium  typhosum  contain  0,  H,  and  VI 
antigens,  the  0  and  H  antigens  must  be  removed  from  the  serum  in  order 
to  obtain  agglutination  of  the  Vi  agglutinins  alone.  This  is  done  by  ad¬ 
sorbing  the  0  and  H  antigens  by  Castellanl's  method.  The  Ty2  strain  of 
Bacterium  typhosum  is  usually  used  as  the  Vi  diagnostic  serum.  The 
Ty  901-H  and  Ty  901-0  strains  of  bacteria  typhi  abdominalis  are  used  to 
adsorb  the  0  and  H  antigens.  The  hemagglutination  reaction  has  success- 
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fully  been  employed  to  detect  the  VI  antigen  in  cultures,  vaccines,  and 
diagnostic  sera  and  VI  antibodies  In  sera. 


TABLE  3 

Serum -Dilution  Scheme  No.  1 
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1)  Ingredients;  2)  test-tube  No.;  3}  etc.;  4)  physiological  solution, 
ml;  5)  basic  serum  dilution  of  1:100,  ml;  6)  serum  dilutions  obtained. 


In  order  to  prepare  the  antigen  from  a  live  culture  the  bacteria 
are  cultured  for  20-24  hr  on  a  solid  nutritive  medium  and  then  washed 
off  with  physiological  solution,  establishing  a  concentration  of  1-2 
billion  bacteria  per  ml.  Diagnostic  sera  are  prepared  by  various  meth¬ 
ods,  but  even  a  carefully  prepared  serum  can  change  during  improper  or 
prolonged  storage.  Flakes  or  granules  may  appear,  the  serum  may  lose 
its  sensitivity  to  agglutinins,  or  a  substantial  portion  of  the  bacter¬ 
ial  cells  may  be  lyzed.  The  service  life  of  the  majority  of  diagnostic 
sera  Is  no  more  than  1°  months.  The  quality  of  such  sera  must  be  regu¬ 
larly  checked.  In  order  to  determine  the  sensitivity  and  specificity  of 
diagnostic  sera  a  laboratory  must  have  a  set  of  dried  agglutinative  se¬ 
ra  or  sera  preserved  chemically  with  sterile  glycerine  in  a  dilution  of 
1:1.  Both  the  standard  and  diagnostic  sera  should  be  stored  at  tempera¬ 
tures  of  5-10*. 

There  are  several  methods  for  setting  up  the  agglutination  reac¬ 
tion; 

a)  macroscopic  (visible)  agglutination  in  test-tube-; 

b)  accelerated  methods  of  conducting  the  agglutination  reaction; 
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cl  rough  ngglut tr .-!*• ■,  in  a  (hop  of  concentrated  agglutinative 
i%vM  HU  4  *Ude; 

d)  microscopic  agglutination. 

Macroscopic  agglutination.  Either  large -volume  or  drop  methods  can 
be  used  for  the  reaction,  the  former  being  more  precise  and  the  latter 
more  economical. 

Conducting  the  reaction  by  the  large-volume  method  requires  agglu¬ 
tinative  serum,  an  antigen  (bacterial  culture  or  diagnostic  serum), 
physiological  solution,  graduated  pipettes  with  capacities  of  1,  5,  and 
10  r,il,  Pasteur  pipettes,  and  agglutinative  test-tube3  10  x  0.8-1  cm  in 

si?a. 

In  setting  up  an  agglutination  reaction  it  is  important  to  estab¬ 
lish  whether  the  patient's  serum  contains  antibodies  and  to  determine 
the  quantity  present,  i.e.,  the  agglutinin  titre.  The  serum  must  be  di¬ 
luted  with  physiological  solution  for  determination  of  the  antibody  ti¬ 
tre.  The  maximum  dilution  depends  on  the  quantity  of  agglutinins  in  the 
serum,  which  varies  in  different  Infections.  As  a  result  of  the  possible 
presence  of  normal  or  postvaccination  agglutinins  in  the  patient 's  se¬ 
rum,  the  agglutination  reaction  is  of  diagnostic  value  only  at  high  se¬ 
rum  dilutions. 

In  setting  up  the  reaction  initial  dilutions  of  1:10,  1:50,  and 
1:100  are  prepared  and  further  dilutions  are  made  from  them.  The  serum 
is  diluted  in  bacterial  test-tubes  or  in  the  agglutinative  test-tubes 
themselves.  In  the  first  case  the  bacterial  test-tubes  are  labeled  with 
the  serum  dilutions  and  dilution  is  carried  out  in  accordance  with 
scheme  No.  1  (Table  3)- 

The  basic  serum  dilution  is  prepared  by  adding  0.1  ml  of  serum  to 
9*y  ml  of  physiological  solution.  It  can  be  seen  from  the  table  that 
the  sum  of  the  number  of  milliliters  of  physiological  solution  and  of 
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1)  Ingredients;  2)  test-tube  No.;  3)  physiological  solution,  ml;  4)  basic  serum  dilu¬ 
tion  (1:100),  ml;  5)  from  test-tube  No.  2,  ml;  6)  antigen  (suspension),  ml;  7)  serum 
dilution;  8)  control.  ' 


the  basic  serum  dilution  Indicates 
how  many  times  greater  the  final 
dilution  is  than  the  initial  dilu¬ 
tion  (1:100).  The  final  dilutions 
are  poured  into  agglutinative  test- 
tubes  in  portions  of  1  ml,  using  a 
single  graduated  pipette  and  work¬ 
ing  from  low  to  high  dilutions. 
Instead  of  the  serum  1  ml  of  phy¬ 
siological  solution  is  poured  into 
the  last  test-tube  a3  a  control, 
using  a  fresh,  absolutely  clean 
pipette.  To  each  test-tube,  begin¬ 
ning  with  the  last,  2  drops  of  an¬ 
tigen  are  added  and  the  tubes  are 
gently  shaken. 

If  the  dilutions  are  prepared 
in  the  agglutinative  test-tubes 
themselves  scheme  No.  2  (Table  4) 
is  followed. 


In  order  to  maintain  a  con¬ 
stant  volume  1  ml  of  dilute  serum 
is  removed  from  the  last  test-tube, 
which  oontains  the  maximum  dilu¬ 
tion,  before  the  antigen  is  added. 


Drop  method  for  serum  dilu- 


tlon.  A  single  Pasteur  pipette  is 


used  to  fill  a  series  of  test-tubes 


(scheme  No.  3,  Table  5)  with  38, 
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12,  16,  18,  19  and  20  drop  portions  of  physiological  solution.  It  is 
then  cleaned  of  any  residual  solution  and  employed  to  introduce  2  drops 
of  the  patient's  serum  into  test-tube  No.  1;  the  contents  of  the  tubes 
are  carefully  mixed  by  drawing  the  liquid  into  a  pipette  and  ejecting 
it.  From  test-tube  No.  1,  which  contains  the  basic  serum  dilution  of 
1:20,  8  drops  are  transferred  to  test-tube  No.  2,  4  drops  to  test-tube 
No.  3,  2  drops  to  test-tube  No.  4,  and  1  drop  to  test-tube  No.  5;  no 
serum  is  added  to  test-tube  No.  6,  which  serves  as  the  antigen  control. 

TABLE  5 

Serum-Dilution  Scheme  No.  3  (Drop  Method;  after  V. S. 

Kalinin) 
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1)  Test-tube  No.;  2)  physiological  solution,  drops;  3)  patient's  serum, 
drops;  4)  number  of  drops  transferred  from  test-tube  No.  1;  5)  antigen 
(bacterial  suspension),  drops;  6)  serum  dilution;  7)  antigen  control. 


After  the  antigen  is  added  to  serum  diluted  by  any  of  the  afore¬ 
mentioned  methods  the  test-tubes  are  thoroughly  shaken  and  placed  in  a 
heater  for  2  hr  and  a  preliminary  evaluation  of  the  reaction  is  made. 
The  final  evaluation  is  made  after  the  preparation  has  been  left  to 
stand  at  room  temperature  for  18-20  hr.  The  0-antigen  reaction  is  best 
carried  out  by  holding  the  test-tubes  in  a  water  bath  at  55°  for  2-3  hr 
or  in  a  heater  at  37*  for  18-24  hr. 

During  positive  large-grained  H  agglutination  a  residue  of  aggre¬ 
gated  cells  Is  formed  on  the  bottom  of  the  test-tube.  The  liquid  in  the 
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tube  is  clarified  after  the  residue  has  settled.  The  result  of  the  re- 
action  Is  regarded  as  specific  if  no  agglutination  takes  place  in  the 
control  test-tube ,  the  fluid  retaining  its  original  cloudy  appearance; 
there  should  be  no  bacterial  residue,  but  If  a  small  quantity  appears 
It  should  be  easy  to  break  up.  Neither  flakes  nor  granules  should  be 
present  after  tbs  test-tubes  have  been  gently  shaken. 

The  results  of  the  reaction  are  designated  by  the  following  4-plus 
scale: 

++++■)  complete  agglutination,  liquid  clear,  very  large  quantity  of 
residue; 

-H-+)  almost  complete  agglutination,  liquid  not  fully  clear,  con¬ 
siderable  residue; 

++)  slight  agglutination,  liquid  not  clear,  very  little  residue; 
+)  doubtful  reaction; 

-)  negative  reaction,  suspension  uniformly  cloudy,  no  residue. 

The  agglutination  reaction  can  be  set  up  for  simultaneous  deter¬ 
mination  of  several  bacteria. 

In  the  majority  of  cases  the  specificity  and  intensity  of  the  ag¬ 
glutination  reaction  is  determined  with  the  unaided  eye,  for  which  pur¬ 
pose  the  test-tube  is  shielded  from  the  light  with  black  paper;  the  ex¬ 
tent  and  character  (fine-  or  large -grained)  of  the  agglutination  are 
easily  seen  against  the  black  background.  Evaluation  of  the  reaction 
begins  with  the  control  and  the  results  can  be  cosidered  reliable  only 
when  it  is  clear.  In  some  cases,  where  the  reacticn  is  not  sufficiently 
distinct,  a  magnifying  glass  or  agglutinoscope  Is  used  tc  evaluate  the 
results  or  the  image  of  the  bottom  of  the  test-tube  in  a  mirror  is  ex¬ 
amined. 

Accelerated  methods  of  conducting  the  agglutination  reaction: 
Mlnkevich's  reaction.  A  drop  of  distilled  water  ia  applied  to  a  slide 
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and  a  drop  of  the  patient’s  blood  is  added  to  it.  A  drop  of  thick  diag¬ 
nostic  serum  or  bacterial  suspension  is  added  to  the  hen^lyzed  blood 
and  the  two  are  thoroughly  mixed  with  a  platinum  loop  or  glass  rod.  The 
agglutination  reaction  begins  slowly  and  is  manifested  in  the  formation 
of  flakes  along  the  margin  of  the  drop  and  clarification  in  its  center. 
When  the  result  is  negative  the  drop  remains  uniformly  cloudy. 

Minkevich's  reaction  is  used  in  various  modifications  for  diagnos¬ 
ing  tularemia,  typhus,  brucellosis,  and  other  infections. 

Rough  agglutination.  Rough  agglutination  is  carried  out  on  slides: 
a  c  op  of  serum  from  a  patient  or  an  immunized  animal  used  as  a  produc¬ 
er  is  applied  to  a  slide  with  a  Pasteur  pipette.  The  serum  Is  prelimin¬ 
arily  diluted  to  1:10,  1:20,  1:30,  or  more  with  physiological  solution. 

A  drop  of  physiological  solution  is  applied  to  the  slide  near  the  drop 
of  serum  as  a  control.  One  drop  of  diagnostic  serum  or  one  loopful  of 
culture  taken  from  a  colony  raised  on  a  Petri  dlah  is  then  added  to  each 
drop  on  the  slide  and  mixed  uni  II  «  huuiugeneous  suspension  is  obtained. 
After  a  few  minutes  the  serum-ountaining  drop  eoWblts  worked  clumping 
of  the  bacteria  (provided  that  the  antibody  has  w*de  o^-.t^^t  with  the 
antigen);  this  process  takes  place  mow  rnpld'v  IT  vw  s \ \>'.»  is  gently 
lilted  back  and  forth.  The  control  drop  tvm:\ 1 1  a  uniformly  cloudy. 

This  reaction  is  employed  for  rapid  preliminary  determination  of 
r.e  species  to  which  bacteria  grown  on  solid  media  in  dishes  belong  and 
for  rough  evaluation  of  the  antibodies  in  patients  and  Immunized  ani¬ 
mals. 

Noble's  method  la  based  on  the  use  of  preserved  Ingredients  (bac¬ 
terial  suspension,  patient's  serum)  and  a  mechanical  factor  which  ac¬ 
celerates  agglutination  (vigorous  shaking).  This  makes  it  possible  to 
obtain  results  2-5  min  after  tlx  reaction  is  begun. 

Agglutination  is  accelerated  by  having  the  initial  contact  with  the 
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antigen  made  In  a  small  serum  volume  and  further  speeded  up  by  shaking. 

The  patient's  serum  Is  taken  In  dilutions  of  1:10,  1:20,  and  1:40. 
The  bacterial  suspension  Is  used  In  concentrations  of  3*6  billion  bac¬ 
teria  per  ml  of  physiological  solution.  Stable  thick  diagnostic  sera 
preserved  with  0.2#  formalin  can  be  employed. 

Portions  of  0.1  ml  of  the  diluted  serum  and  undiluted  antigen  are 
measured  out  Into  the  agglutinative  test-tubes.  The  resultant  mixture 
Is  vigorously  shaken  for  3-5  min  and  0.8  ml  of  physiological  solution 
Is  added  to  facilitate  evaluation  of  the  result.  The  reaction  must  be 
accompanied  by  an  antigen  control  In  physiological  solution.  When  the 
serum  Is  mixed  with  the  antigen  Its  volume  is  doubled,  so  that  the  re¬ 
action  takes  place  at  dilutions  of  1:20,  1:40  and  1:80,  which  must  be 
taken  into  account  In  recording  the  results.  The  addition  of  0.8  ml  of 
physiological  solution  does  not  change  the  serum  dilution,  since  it  Is 
carried  out  after  agglutination  has  been  completed.  A  heater  Is  not  re¬ 
quired  for  the  reaction.  Results  can  be  obtained  20-30  min  after  the 
reaction  Is  begun. 

Microscopic  agglutination.  In  microscopic  agglutination  the  results 
of  the  reaction  are  evaluated  with  the  aid  of  a  microscope.  In  setting 
up  the  reaction  a  drop  of  serum  diluted  to  1:20,  1:40,  or  1:80  is  ap¬ 
plied  to  a  cover  glass,  a  drop  of  bacterial  suspension  is  added  (doubl¬ 
ing  the  serum  volume),  the  two  are  mixed  with  an  intact  Pasteur  pipette, 
and  the  glass  is  covered  with  a  slide  with  a  well  whose  edges  have  been 
smeared  with  vaseline,  pressing  the  two  pieces  of  glass  tightly  togeth¬ 
er.  The  slide  is  then  quickly  and  carefully  inverted  and  placed  in  a 
heater  at  37°  for  1-2  hr.  The  size  of  the  drop  of  antigen-serum  mixture 
should  be  such  that  It  hangs  without  touching  the  wall  of  the  well 
when  the  slide  is  inverted.  After  30  min  in  the  heater  the  results  are 
evaluated  microscopically  under  high  magnification  and  at  a  small  dia- 
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phragm  aperture  or  with  a  phase-contrast  microscope.  At  first  the  bac¬ 
teria  are  distributed  over  the  entire  visual  field,  but  they  then  begin 
to  clump  and  form  conglomerates,  mobile  bacteria  losing  their  mobility. 
Observations  of  this  type  can  also  be  made  in  a  compressed  drop. 

In  order  to  obtain  more  readily  apparent  results  a  number  of  tech¬ 
niques  have  been  proposed  for  staining  the  antigen  or  antigen-antibody 
complexes  with  azure-eosine,  gentian  violet,  and  other  dyes. 

Heddleson  developed  an  accelerated  agglutination  reaction  for  diag 
nosing  brucellosis;  in  order  to  make  his  method  more  graphic  he  suggest 
ed  '.hat  the  brucellosis  antigen  be  stained  with  gentian  violet  added  in 
the  form  of  0.01  ml  of  a  saturated  aqueous  solution  per  100  ml  of  anti¬ 
gen. 

V.V.  Gavrilov  proposed  that  Heddleson's  antigen -staining  method  be 

used  for  the  serological  diagnosis  of  typhoid  fever  and  paratyphoid  A 

and  B.  T.V.  Bocharov  employed  staining  of  the  antigen -antibody  complex 

to  produce  higher  contrast  in  the  agglutination  reaction  of  rickettsio- 

sis  antigen.  In  this  method  the  mixture  of  dilute  serum  and  rickettsio- 

sis  antigen  Is  kept  in  a  heater  at  37°  for  2  hr  and  in  a  refrigerator 

at  4°  for  one  day.  After  the  latter  period  has  elapsed  smears  with  an 

2 

area  of  approximately  1  cm  are  made  on  slides  from  each  dilution  and 
the  preparations  are  dried,  fixed  with  Nikiforov's  mixture  (alcohol  and 
ether)  and  stained  with  azure-ecsin,  carbol  fuchsin,  or  gentian  violet 
by  the  usual  procedure.  They  are  then  examined  microscopically  with  an 
immersion  system. 

Luminescent  microagglutination  of  bacteria  can  yield  very  clear 
results  (see  page  74  ). 

The  microscopic  agglutination  reaction  is  used  for  diagnosing  tu¬ 
laremia,  brucellosis,  typhus,  and  other  diseases. 
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Determination  of  the  species  of  microbes  Isolated  from  the  body  or  the 
environment 

Tlie  specific  properties  of  bacteria  isolated  from  the  body  or  the 
environment  are  studied  by  culturing  on  selected  nutritive  media ,  stain¬ 
ing,  microscopy,  determination  of  enzymatic  characteristics,  determina¬ 
tion  of  pathogenic  characteristics  by  animal  Inoculation,  and  other 
methods.  Conclusive  establishment  of  species  rather  frequently  involves 
the  agglutination  reaction,  which  is  of  great  value  in  identifying  bac¬ 
teria  of  the  conform  group  and  those  responsible  for  tularemia,  bru¬ 
cellosis,  cholera,  etc. 

Special  attention  must  be  paid  to  selection  of  a  good  strain  for 
preparing  the  antigen  and  of  the  animal  to  be  immunized  for  production 
of  the  agglutinative  serum. 

Use  of  a  strain  not  typical  of  the  species  of  bacterium  in  ques¬ 
tion  or  preparation  of  the  antigen  from  dissociative  variants  of  the 
bacterium  can  lead  to  production  of  a  nonspecific  agglutinative  serum. 
The  sera  of  some  animals  contain  normal  agglutinins  to  several  similar 
species  of  bacteria  and  such  animals  are  consequently  unsuitable  for 
producing  specific  agglutinative  sera.  Every  animal  to  be  used  in  the 
production  of  a  certain  type  of  agglutinative  serum  must  be  checked  be¬ 
fore  immunization  for  its  content  of  normal  agglutinins  to  the  microbe 
with  which  it  is  to  be  inoculated  and  for  its  content  of  normal  agglu¬ 
tinins  to  other  microbes  with  antigenic  properties  similar  to  those  of 
the  immunizing  bacteria.  Selection  of  the  producer  animal  is  a  very  im¬ 
portant  part  of  the  Job.  Rabbits  are  most  often  used  for  production  of 
agglutinative  sera,  since  they  are  easy  to  keep,  immunize,  and  draw 
blood  from. 

The  antigen  is  prepared  from  one-  or  two-day  cultures  raised  on 
liquid  or  solid  media.  In  the  latter  case  the  microbial  growth  is  washed 
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off  with  physiological  solution  and  the  bacterial  concentration  per  ml 
is  determined  by  comparison  with  a  bacteriological  standard.  In  the  ma¬ 
jority  of  cases  cultures  grown  on  liquid  media  must  be  centrifuged  and 
the  bacterial  residue  is  then  diluted  with  physiological  solution  to 
the  requisite  concentration  per  ml.  The  suspension  is  heat-killed  at 
58-60°  for  1  hr  and  0.2-0.75#  formalin  or  phenol  is  added  as  a  preser¬ 
vative.  The  bacteria  can  also  be  killed  by  adding  0.2-0.75#  formalin  or 
phenol  to  the  antigen  and  holding  it  at  37°  in  a  heater  for  1-2  days. 

Animals  are  usually  immunized  intravenously  to  produce  agglutinins , 
but  the  antigen  can  be  administered  by  a  combination  of  intravenous, 
sub-utaneous,  and  intraperitoneal  injection.  Immunization  begins  with 
200  million  microbes,  followed  by  500  million,  1  billion,  1.5  billion, 
and  2  billion  or  more  at  intervals  of  2-5  days.  The  animal’s  reaction 
Is  observed,  it  is  weighed,  and  its  temperature  is  taken.  A  blood  sam¬ 
ple  is  taken  7-8  days  after  the  last  injection  of  antigen  and  the  ag¬ 
glutination  titre  Is  checked.  If  it  is  satisfactory  phlebotomy  or  ex- 
sanguinatlon  Is  performed. 

In  determining  the  species  of  a  microbe  It  must  be  kept  in  mind 
that  such  bacteria  as  Salm.  aertrycke,  Salm.  suipestifer,  Salm.  para¬ 
typhi  B,  etc.,  form  colonies  with  specific  ar.d  group  phases.  These  col¬ 
onies  are  identical  in  form  and  cannot  be  distinguished  by  visual  in¬ 
spection.  In  the  specific  phase  the  colony  contains  bacteria  which  ag¬ 
glutinate  well  with  their  specific  serum,  but  in  the  nonspecific  phase 
it  contains  microbes  quite  insensitive  to  their  specific  agglutinins 
and  easily  agglutinated  by  group  antibodies  to  produce  large  granules. 

The  conditions  under  which  bacteria  are  cultured  significantly  in¬ 
fluences  their  a gglut inability,  which  is  affected  by  the  quality,  temp¬ 
erature,  and  pH  of  the  medium. 
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Setting  up  the  agglutination  reaction  to  determine  the  species  of 
a  microbe.  A  macrosoopic  agglutination  reaction  with  immune  serum  di- 
luted  to  tltre  (here  the  term  tltre  refers  to  the  maximum  serum  dilu¬ 
tion  at  which  agglutination  with  the  corresponding  microbe  occurs)  is 
employed  for  conclusive  Identification  of  bacteria. 

This  reaction  requires:  1)  specific  agglutinative  serum  of  high 
tltrej  2)  a  pure  culture  of  the  microbe  with  a  concentration  of  1  blx- 
llon  cells  p3r  ml;  3)  physiological  solution;  4)  graduated  pipettes 
with  capacities  of  1,  5 »  end  10  ml;  5)  agglutinative  test-tubes  In  a 
small  rack. 

The  basic  serum  dilution  of  1:100  is  prepared  by  the  large-volume 
or  drop  method,  as  outlined  above.  The  number  of  dilutions  used  in  the 
reaction  depends  on  the  serum  tltre.  The  baoterlal  suspension  under  In¬ 
vestigation  Is  added  to  each  of  the  serum  dilutions  In  portions  of  1-2 
drops.  The  rack  containing  the  test-tubes  Is  placed  in  a  heater  at  37° 
for  1.5-2  hr  and  a  preliminary  evaluation  of  the  reaction  is  made.  The 
final  evaluation  is  made  after  the  preparations  have  stood  at  room  tem¬ 
perature  for  18-20  hr.  When  the  maximum  serum  dilution  at  which  a  posi¬ 
tive  agglutlnatlai  reaction  Is  obtained  coincides  with  or  is  half  that 
of  the  serum  taken  the  culture  under  study  is  considered  to  be  homolo- 
to  It. 

Specificity  of  the  agglutination  reaction  and  methods  of  suppres¬ 
sing  gro up  reactions.  The  agglutination  reaction  is  a  valuable  diagnos¬ 
tic  teclmique,  being  very  sensitive  and  simple  to  set  up.  It  does,  ne¬ 
vertheless,  have  a  number  of  drawbacks.  One  of  its  principal  deficien¬ 

cies  lies  In  the  fact  that  It  does  not  completely  satisfy  the  require¬ 
ments  for  early  diagnosis  of  a  disease.  This  reaction  is  an  immunity 

phenomenon  which  records  the  appearance  of  antibodies  in  the  body  7-10 

days  after  the  onset  of  illness.  In  a  number  of  cases  the  agglutination 
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reaction  becomes  positive  still  later  and  in  a  certain  percentage  of 
cases  it  remains  negative  until  the  disease  has  run  its  course. 

Another  drawback  lies  in  the  fact  that  in  some  cases  highly  dilute 
serum  from  patients  or  animals  yields  an  agglutination  reaction  with 
several  bacteria  having  similar  antigenic  structures.  This  phenomenon 
hampers  serological  diagnosis  and  can  alter  the  identification  of  a  mi¬ 
crobe  from  the  environment  for  a  patient.  When  the  patient's  serum  con¬ 
tains  group  agglutinins  it  is  diluted  to  maximum  titre  and  it  is  deter¬ 
mined  which  of  the  bacteria  gives  a  positive  agglutination  reaction  at 
the  nighest  serum  dilution.  Once  found,  this  microbe  can  be  regarded  as 
the  causative  agent  efthe  infection,  taking  into  account  the  symptoma¬ 
tology  of  the  disease  for  which  it  is  responsible. 

This  procedure  is  also  followed  in  determining  the  species  of  a 
microbe.  The  specific  diagnostic  agglutinative  serum  is  diluted  to  maxi- 

A 

mum  titre  and  if  the  bacterium  agglutinates  it  at  high  dilutions  the 
former  can  be  assumed  to  belong  to  the  species  (type)  for  which  the  se¬ 
rum  is  Intended. 

In  these  cases  the  action  of  the  group  agglutinins  is  suppressed 
with  the  aid  of  high  dilution  of  the  patient's  serum  or  the  diagnostic 
agglutinative  serum.  In  the  majority  of  Instances  the  group  antibodies 
are  present  in  lower  titre  than  the  specific  antibodies  and  lose  their 
agglutinative  effect  at  high  serum  dilutions,  while  the  specific  agglu¬ 
tinins  still  cause  agglutination  of  the  corresponding  bacterial  species. 

Observation  of  the  dynamics  of  the  agglutination  reaction  is  of 
great  importance  in  diagnosing  a  disease.  An  increase  in  agglutination 
titre  when  the  reaction  is  repeated  is  a  serious  indication  that  the  di¬ 
sease  is  present. 

Castellanl's  method.  In  1902  Castellan!  suggested  analyzing  the 
antigenic  structure  of  bacteria  with  the  aid  of  sera  subjected  to  bac- 
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terlal  adsorption.  When  an  agglutinative  serum  Is  saturated  with  homo¬ 
logous  bacteria  they  adsorb  both  the  specific  and  group  agglutinins.  If 
heterologous  bacteria  are  used  to  adsorb  the  antibodies  they  adsorb  on¬ 
ly  the  group  agglutinins,  leaving  the  specific  agglutinins  In  the  serum. 

Bacteria  cultured  for  24  hr  on  agar  slants  in  test-tubes  are  used 
to  adsorb  the  agglutinins.  In  order  to  completely  remove  the  antibodies 
from  1  ml  of  serum  diluted  to  1:100  It  Is  necessary  to  wash  the  bacter¬ 
ia  from  5-6  test-tubes  with  physiological  solution.  Before  being  added 
to  the  serum  the  bacterial  suspension  Is  centrifuged,  the  supernatant 
Is  drawn  off,  and  the  residue  is  then  mixed  with  the  serum.  The  mixture 
Is  placed  in  a  heater  at  37*  for  2  hr  and  then  kept  In  a  refrigerator 
for  18-20  hr.  The  suspension  of  bacteria  in  the  serum  is  centrifuged  and 
the  adsorbed  serum  is  drawn  off  and  employed  to  set  up  an  agglutination 
reaction  with  the  bacteria  used  to  adsorb  the  agglutinins.  A  negative 
reaction  Indicates  complete  adsorption  of  the  antibodies. 

All  experiments  Involving  Castellani's  method  should  be  performed 
under  sterile  conditions. 

A  suspension  of  killed  bacteria  can  be  used  to  adsorb  the  agglu¬ 
tinins.  If  they  are  heat -killed  they  adsorb  0  agglutinins,  while  if  they 
are  fcrmalin-kllled  they  adsorb  H  agglutinins. 

Castellani’s  method  is  used  to  prepare  monovalent  specific  agglu¬ 
tinative  sera  for  bacteria,  Rickettsiae,  and  other  microbes. 

Precipitation  Reaction 

The  term  "precipitation  reaction"  was  proposed  by  Kraus,  who  ob- 
served  precipitation  when  clear  filtrates  of  cultures  of  typhoid,  plague, 
and  cholera  bacteria  were  mixed  with  homologous  immune  sera. 

The  antibodies  which  participate  in  the  reaction  are  galled  precl- 
pitins,  while  the  antigens  are  called  precipitinogens. 

Because  slight  traces  of  specific  protein  (1:1,000,000)  can  be  de- 
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tected  with  the  precipitation  reaction  it  is  of  great  importance  in  for 
ensic  medicine  for  identifying  blood  and  protein  spots,  for  detecting 
various  impurities  in  foodstuffs,  etc. 

The  precipitation  reaction  of  an  antibody -antigen  system  is  dis¬ 
tinguished  from  agglutination  principally  by  the  size  of  the  antigen 
particles.  While  whole  cells  or  cellular  detritus  is  used  as  the  anti¬ 
gen  for  agglutination,  in  the  precipitation  reaction  the  antigen  is  in 
a  more  or  less  molecular  state,  in  the  form  of  clear,  occasionally  opal 
e scent  solutions. 

Calculations  made  by  sane  researchers  have  shown  that  if  a  given 
bacterial  suspension  is  broken  down  to  protein  molecules  the  total  sur¬ 
face  of  the  latter  is  10,000  times  that  of  the  original  bacteria,  so 
that  10,000  times  as  much  antigen  is  required  to  cover  the  active  sur¬ 
face  as  to  cover  the  bacteria.  For  this  reason  the  antigen  rather  than 
the  serum  is  diluted  in  the  precipitation  reaction. 

When  the  antigen  and  antibody  are  mixed,  visible  aggregates,  or 
flakes,  are  formed  (the  solution  becomes  cloudy)  and  gradually  settle 
to  the  bottom  of  the  test-tube.  When  the  antigen  solution  is  carefully 
overlayered  on  the  serum,  maintaining  the  boundary  between  the  liquids, 
the  precipitate  forms  at  the  boundary  (Ascoli's  annular  precipitation 
reaction). 

Just  as  in  the  agglutination  reaction,  the  precipitation  reaction 
can  be  weakly  positive  or  even  negative  when  the  antigen  con cent rat ion 
is  high  with  respect  to  the  antibody  concentration.  It  must  be  noted 
that  this  phenomenon  occurs  in  experiments  with  horse  sera  to  a  protein 
antigen,  but  not  with  rabbit  sera  or  polysaccharide  antigens. 

As  the  antigen  added  to  the  serum  is  diluted  to  a  certain  point 
the  rate  of  the  precipitation  reaction  and  the  quantity  of  precipitate 
Increase,  but  when  the  antigen  dilution  becomes  sufficiently  high  they 


decrease  and  tend  to  zero.  The  precipitation  reaction  thus  has  a  zonal 
character  and  depends  on  the  antibody -antigen  ratio;  this  can  be  ex¬ 
pressed  by  appropriate  curves  for  each  antigen-antibody  system. 

It  is  best  to  combine  the  antibody  with  the  antigen  in  a  medium 
with  a  certain  electrolyte  (sodium  chloride)  concentration  at  a  neutral 
pH  and  a  temperature  of  15-40°;  this  process  is  reminescent  of  reversi¬ 
ble  chemical  reactions.  Its  rate  is  such  that  80-90$  of  the  precipitate 
is  formed  within  3-5  sec  after  the  liquid  reagents  are  mixed;  this  re¬ 
leases  heat  energy,  measurement  of  which  has  shown  that  almost  complete 
bonding  occurs  within  3  min  (Boyd).  Such  rabid  bonding  is  especially 
characteristic  of  polysaccharide -antibody  systems. 

The  stability  of  the  antigen -antibody  complex  Is  least  at  the  be¬ 
ginning  of  precipitate  formation  and  increases  with  time;  however,  the 
two  reagents  can  be  dissociated  by  various  methods  (heating,  filtration, 
acid  treatment,  etc.),  even  after  several  months. 

Certain  substances  (urea,  guanidine,  sodium  benzoate  or  salicylate, 
etc. )  are  capable  of  suppressing  the  precipitation  reaction  to  some  ex¬ 
tent.  Conversely,  trivalent  aluminum  ions  raise  the  sensitivity  thresh¬ 
old  of  the  reaction. 

All  these  effects  are  based  on  purely  Chemical  processes  (denatura- 
tion,  salting -out,  etc.  ). 

The  precipitation  reaction  is  far  more  specific  than  other  chemical 
and  physical  methods,  particularly  electrophoresis,  since  it  makes  it 
possible  to  differentiate  proteins  from  very  similar  species  of  animals, 
such  as  chickens  and  turkeys.  The  keratin  of  human  hair  can  easily  be 
distinguished  from  that  of  animal  hair  with  this  reaction. 

The  specificity  of  the  reaction  depends  on  the  chemical  structure 
of  the  antigen  and  the  corresponding  antibody  and  is  a  property  of  the 
smallest  molecular  components,  which  cannot  be  reversibly  split  off. 
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Artificial  alteration  of  the  chemical  structure  of  the  antigen  can  lead 
to  a  change  in  or  disruption  of  its  specificity  (denaturation,  powerful 
enzymatic  digestion,  treatment  with  strong  acids  or  alkalies,  esteri¬ 
fication,  treatment  with  phenol  isocyanate,  etc.)* 

Preparation  of  antigens  for  the  precipitation  reaction 

In  producing  antigens  for  the  precipitation  reaction  it  is  impor¬ 
tant  to  keep  in  mind  the  possibility  of  a  nonspecific  reaction  caused 
by  the  proteins  of  the  medium  on  which  the  microorganism  to  be  studied 
is  raised.  In  order  to  avoid  such  erroneous  results  the  antigen  should 
cor.’ain  no  traces  of  protein  from  th*e  medium  on  which  the  bacterial 
suspension  used  for  immunization  was  prepared.  This  is  accomplished  by 
preparing  the  antigen  for  the  reaction  and  for  serum  production  on  media 
consisting  of  meat  from  different  species  of  animals  or  by  preparing  it 
on  synthetic  media.  There  are  also  various  methods  for  purifying  the 
antigen  of  traces  of  protein  (fractional  precipitation,  electrophoresis, 
etc. ). 

Physical  methods 

Pulverization  of  the  cells.  A  thick  paste  of  bacteria  in  physiolo¬ 
gical  solution  is  carefully  ground  in  a  sterile  mortar  with  sand  or 
powdered  glass.  It  is  then  emulsified  in  neutral  physiological  solution 
and  centrifuged  or  filtered  to  obtain  a  clear  liquid,  which  is  used  as 
the  antigen. 

''he  bacteria  can  also  be  broken  down  in  special  ball  mills  or  in 
flasks  containing  glass  beads,  which  are  shaken  in  an  agitator  for  a 
given  period.  An  optimum  exposure  time  must  be  selected  for  each  spe¬ 
cies  of  bacterium,  since  the  strength  of  the  cell  membrane  varies  for 
different  microorganisms.  The  extent  to  which  the  cells  are  broken  down 
is  determined  by  microscopy. 

Freezing  followed  by  slow  thawing  (repeated  several  times)  can 
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cause  the  cell  wall  to  break  down,  so  that  the  protoplasm  escapes  Into 
the  solution.  The  antigen  Is  ready  for  use  after  centrifuging. 

Destruction  of  the  cells  by  ultrasound.  Bacteria  washed  several 
times  by  centrifuging  with  physiological  solution  are  suspended  in  fresh 
physiological  solution  at  concentrations  of  2  to  20  billion  per  ml,  de¬ 
pending  on  the  species  of  bacterium;  the  concentration  is  determined  by 
comparison  with  an  optical  or  other  standard. 

The  ultrasonic  apparatus  Is  plugged  in  and  permitted  to  warm  up  for 

30  min  to  1  hr.  The  metal  rod  of  the  apparatus  is  first  cooled  in  the 

« 

freezing  compartment  of  a  refrigerator.  A  20  ml  portion  of  the  micro¬ 
bial  suspension  Is  poured  into  a  special  glass  tumbler  first  carefully 
washed  with  distilled  water.  The  end  of  the  rod  is  immersed  to  approxi¬ 
mately  0.5  cm  In  the  liquid  and  the  apparatus  is  set  for  20,000-21,000 
cps. 

When  the  setup  is  properly  adjusted  the  liquid  In  the  tumbler  be¬ 
gins  to  boil.  The  tumbler  is  Immersed  In  an  ice  bath.  The  bacteria  are 
broken  down  by  exposures  of  1,  2,  5,  10,  and  20  min,  taking  care  that 
the  rod  and  liquid  do  not  become  too  hot. 

The  resultant  solution  is  freed  of  suspended  particles  by  centri¬ 
fuging  at  6000  rpm  for  10-15  min.  The  clear  supernatant  Is  used  in  the 
precipitation  reaction.  The  residue  is  examined  microscopically  to  de¬ 
termine  the  extent  to  which  the  cells  have  been  broken  down. 

The  results  of  the  reaction  may  vary  as  a  function  of  the  time  for 
which  the  ultrasound  is  permitted  to  act.  The  breakdown  period  must  be 
shorter  (1-2  min)  to  obtain  active  enzymes  than  to  isolate  polysacchar¬ 
ides,  whose  antigenic  properties  remain  almost  unchanged  even  after 
treatment  for  20  min. 

Rather  prolonged  exposure  (20-30  min)  is  necessary  to  obtain  satis¬ 
factory  antigens  from  sporogenous  Bacilli  and  Clostridia  or  even  from 
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acid-fast  bacteria  and  Actinomycetes. 

The  principal  drawback  of  this  method  lies  in  the  fact  that  it  de¬ 
composes  certain  labile  enzymes  and  proteins  (e.g.,  deoxyribonucleic 
acid). 

Destruction  of  cells  by  sound  waves.  Special  devices  of  the  "Mick- 
el"  type,  in  which  a  buzzer  is  immersed  in  the  liquid  and  breaks  down 
the  cells  in  a  manner  similar  to  ultrasound,  is  occasionally  used  in¬ 
stead  of  ultrasonic  devices  for  studying  the  antigens  of  the  cell  mem- 
orane.  Their  action  is,  however,  gentler  and  they  make  it  possible  to 
1;  late  the  cell  wall  almost  intact. 

High-pressure  method.  In  1921  a  press  was  devised  in  Sheffield 
(England)  for  breaking  down  bacteria.  Two  metal  blocks  are  polished  and 
matched  to  one  another.  A  thick  pasty  bacterial  suspension  is  placed  in 
a  special  receptacle  and  compressed  under  high  pressure  (with  a  piston- 
screw  arrangement).  The  entire  block  should  be  cooled  to  low  tempera¬ 
ture,  since  heat  may  be  liberated  when  the  screw  is  turned,  altering 
certain  enzymes  and  proteins. 

The  broken-down  bacteria  and  their  contents  drip  into  a  channel  in 
the  lower  portion  of  the  block.  Approximately  20  sec  is  required  to 
crush  the  cells.  This  method  is  of  great  value  in  isolating  labile  anti¬ 
gens  (certain  enzymes  and  proteins). 

Chemical  method 

Autolyals  of  bacteria.  Cultures  raised  on  a  liquid  medium  are  kept 
in  a  heater  for  several  days.  In  some  cases  almost  complete  cellular 
lysis  can  be  achieved  by  the  bacterial  enzymes  (possibly  as  a  result  of 
the  action  of  bacteriophages). 

Clear  culture  centrifugates,  purified  or  native,  are  used  as  anti¬ 
gens. 

Enzymatic  destruction  of  bacteria.  A  suspension  of  washed  vegeta - 
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tlve  bacteria  in  a  definite  concentration  Is  treated  with  trypsin  or 
other  proteolytic  enzymes  under  optimum  activity  conditions  for  a  given 
time  (from  30  min  to  6  hr,  depending  on  the  species  of  microbe)  in  or* 
der  to  induce  lysis. 

The  liquid  is  clarified  by  centrifuging  and  used  as  the  antigen. 

In  some  cases  antitryptic  serum  is  added  to  the  antigen  to  neutralize 
the  residual  trypsin. 

Drying  in  acetone.  A  thick  bacterial  suspension  is  mixed  with  5 
volumes  of  glacial  acetone.  The  bacteria  settle  to  the  bottom  and  are 
collected  on  a  piece  of  ordinary  filter  paper  moistened  with  glacial 
acetone  and  then  with  ether.  The  dry  powder  remaining  after  the  ether 
has  evaporated  can  be  used  to  extract  the  intracellular  enzymes,  since 
the  acetone  dissolves  the  lipids  in  the  cell  wall  and  makes  it  more 
permeable  to  liquids. 

Bolling.  Boiling  a  bacterial  suspension  for  1-2  hr  causes  coagula¬ 
tion  of  its  protein  components,  but  yields  rather  good  results  in  ex¬ 
tracting  the  polysaccharide  fractions  of  certain  species  of  microorgan¬ 
isms  (Streptococci,  Clostridia,  Bacilli,  et  al.  ).  Antigens  obtained 
from  Clostridia  exhibit  high  specificity  (K.I.  Matveyev,  1941;  B.D.  By- 
chenko,  1961). 

This  method  has  come  into  use  for  diagnosing  anthrax  (the  so-called 
Ascoli  thermal-  or  annular-precipitation  reaction).  In  this  case  both 
the  polysaccharide  and  the  specific  capsular  polypeptide  are  extracted. 

Excessive  exposure  to  high  temperature  and  pressure  (autoclaving 
at  110-120°  for  30  min)  leads  to  profound  changes  and  loss  of  specifi¬ 
city  in  the  antigens  of  Bacillus  anthracis  (T.I.  Sergeyeva).  Such  al¬ 
tered  antigens  may  yield  a  precipitation  reaction  with  "normal"  sera. 

On  the  other  hand,  antigens  obtained  from  a  mixture  of  saprophytic  bac¬ 
teria  isolated  from  water  react  with  specific  precipitative  anthrax  se- 
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rum  In  15* 2£  of  all  cases. 

The  specific  antigens  of  certain  microorganisms  (Streptococci)  are 
best  extracted  by  boiling  tie  cells  in  an  acid  medium  (Porges-Lens- 
fleld's  method,  1928). 

The  following  procedure  la  generally  accepted  for  extracting  anti¬ 
gens  from  bacteria  of  the  coliform  group;  the  bacterial  colonies  are 
suspended  in  1-2  ml  of  \%  acetic  acid.  The  suspension  is  boiled  for  45- 
60  min  in  a  water  bath,  filtered  through  an  asbestos  pad,  and  neutral¬ 
ized  to  pH  7*2-7«4  with  an  indicator,  bromthymol  blue,  added.  The  preci¬ 
pitate  is  removed  by  centrifuging  and  the  clear  supernatant  is  used  as 
the  antigen. 

Fuller's  method  (1938)  is  very  convenient  for  working  with  a  small 
quantity  of  bacterial  suspension  in  order  to  extract  polysaccharide  an¬ 
tigens;  5  ml  of  a  18-hr  culture  of  Streptococcus  on  glucose  broth  is 
centrifuged  and  the  supernatant  is  removed  as  completely  as  possible. 

A  total  of  0.1  ml  of  formalin  is  added  to  the  residue  and  the  test-tube 
is  shaken,  placed  in  an  oil  or  paraffin  bath  at  150°  for  15  min,  and 
cooled  to  room  temperature;  0.25  ml  of  acidified  alcohol  (a  mixture  of 
95  parts  anhydrous  alcohol  and  5  parts  2  N  hydrochloric  acid)  is  then 
added.  The  liquid  is  stirred  and  the  precipitate  formed  is  removed  by 
centrifuging.  The  supernatant  is  drawn  off  with  a  pipette  and  drained 
into  a  small  test-tube  containing  0.5  ml  of  acetone.  The  test-tube  is 
shaken,  the  residue  is  centrifuged,  and  the  supernatant  is  carefully 
removed.  The  acetone  precipitate  can  be  dried  and  used  experimentally, 
its  quantity  being  expressed  in  terms  of  weight.  Usually  1  ml  of  physio¬ 
logical  solution  and  a  drop  of  indicator  (phenol  red)  are  added  to  the 
residue  and  the  liquid  is  neutralized  with  a  weak  sodium  acetate  solu¬ 
tion  (0.25#).  If  a  precipitate  forms  It  is  removed  by  centrifuging.  The 
clear  liquid  serves  as  the  antigen. 
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There  Is  also  a  simpler  method,  in  which  the  bacterial  residue  is 
dissolved  in  formalin  at  150®  for  15  min,  1  ml  of  physiological  solu¬ 
tion  is  added,  the  preparation  is  neutralized,  the  precipitate  is  dis¬ 
carded,  and  the  supernatant  is  employed  as  the  antigen. 

Landy's  method,  as  modified  by  V.D.  Gekker,  A.P.  Konlkov,  and  Ya. 

N.  Ivanova,  is  used  to  extract  the  VI  antigen  of  Bacterium  typhosum. 

The  culture  under  investigation  is  raised  on  meat -infusion  agar  and 
washed  off  with  distilled  water  after  16-18  hr.  The  suspension  thus  ob¬ 
tained  is  mixed  with  3  volumes  of  chemically  pure  acetone,  shaken,  and 
centrifuged.  The  residue  is  treated  with  a  fresh  portion  of  acetone  and 
left  to  stand  for  one  day  at  37**  The  bacterial  suspension  is  precipi¬ 
tated  by  centrifuging,  the  acetone  is  removed,  ana  the  residue  is  vacuum- 
dried.  The  dry  powder  thus  produced  is  treated  with  O.90#  sodium  chlor¬ 
ide  (1  g  of  powder  in  100  ml  of  solution)  for  30  min  with  constant  agi¬ 
tation.  The  suspension  Is  then  centrifuged  at  6000  rpm  and  the  superna¬ 
tant  is  dialyzed  in  running  water  for  2  days.  The  dialysate  is  again 
centrifuged,  the  supernatant  is  saturated  with  sodium  chloride,  and  the 
VI  antigen  is  precipitated  with  trichloracetic  acid,  which  is  added  un¬ 
til  a  pH  of  3*0  is  reached  (in  which  case  a  flaky  residue  appears),  or 
with  1.5-2  volumes  of  alcohol.  The  precipitate  is  dissolved  in  distilled 
water  and  dialyzed  for  2-3  days  in  running  water  or  one  day  in  distilled 
water.  The  residue  is  removed  by  centrifuging  and  the  clear  supernatant 
is  then  subjected  to  lyophillc  drying  and  used  as  the  antigen. 

There  are  many  other  methods  of  preparing  various  bacterial  anti¬ 
gens,  such  as  Westphal's  water-phenol  method,  Belozerskiy's  nucleopro- 
te in -extract ion  method,  etc.,  which  are  described  in  the  specialized 
literature. 

The  antigen  is  standardized  in  accordance  with  the  weight  of  pro¬ 
tein  or  polysaccharide  per  ml,  depending  on  its  nature.  Protein  or  pep- 
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tide  antigens  can’  also  be  standardized  In  accordance  with  their  nitro¬ 
gen  content  in  milligram-percent. 

Preparation  of  preclpltatlve  sera 


n 

v 


The  procedure  for  preparing  preclpltatlve  sera  differs  little  from 
the  methods  used  for  producing  agglutinative  sera. 

Use  of  intact  bacterial  cells  for  immunizing  animals  makes  it  pos¬ 
sible  to  obtain  antibodies  to  both  the  superficial  and  somatic  antigens 
of  the  microbe,  since  the  cells  undergo  lysis  when  they  enter  the  ani¬ 
mal  's  body  and  produce  the  same  immunlzational  stimulation  as  cellular 
ext  i-acts. 

Live  or  killed  suspensions  of  bacteria  washed  from  the  culture  me¬ 
dium  are  used  as  the  antigens  for  preparing  preclpltatlve  sera  in  ani¬ 
mals.  The  microbes  are  usually  rendered  harmless  with  0.4-1#  formalin 
or  by  exposure  to  high  temperature  (boiling  at  100“ ). 

In  many  cases  preclpltatlve  sera  are  obtained  to  protein  antigens 
(toxins,  toxoids,  proteins,  etc.)  by  inoculating  animals  with  them. 

Among  the  important  conditions  for  obtaining  a  good  specific  pre- 
olpltative  serum  are  the  following: 

1)  selection  of  the  immune  antigen;  2)  selection  of  appropriate 
animals;  3)  preliminary  checking  for  the  presence  of  normal  antibodies; 
4)  checking  the  specificity  of  the  final  sera  in  cross  reactions  with 
various  antigens. 

It  is  not  always  possible  to  obtain  preclpltatlve  sera  of  high  ti- 
tre  when  animals  are  immunized  with  certain  bacterial  antigens  (even 
protein  antigens),  using  various  administration  schemes.  This  is  be¬ 
cause  the  antigen  has  very  weak  immunogenic  properties,  i.e.,  is  a  poor 
stimulant  to  antibody  production.  Such  antigen?  are  most  frequently  ob¬ 
tained  from  R-type  bacteria. 

When  sera  to  such  bacteria  cannot  be  prepared  an  attempt  must  be 
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made  to  obtain  them  in  the  S  form  or  to  check  them  experimentally  In 
several  (3*5  animals)  rather  than  Just  one.  The  varying  Individual  sen¬ 
sitivity  of  the  subjects  to  different  antigens  occasionally  makes  It 
possible  to  obtain  satisfactory  results. 

In  order  to  prolong  the  immunological  stimulation,  especially  at 
the  beginning  of  immunization,  the  antigen  Is  often  administered  in 
combination  with  a  deposition  agent  (lanolin,  mineral  oil,  potash  alum, 
small  doses  of  calcium  chloride,  etc.). 

Domestic  rabbits,  in  which  normal  antibodies  are  very  rarely  en¬ 
countered,  are  the  best  producers  of  precipitative  sera.  Good  sera  are 
also  obtained  from  5-day -old  chicks,  owls,  pheasants,  and  partridges. 

The  final  precipitative  sera  must  always  be  checked  in  precipita¬ 
tion  reactions  with  homologous  and  heterologous  bacterial  antigens,  as 
well  as  with  the  sterile  medium  on  which  the  antigen  for  immunization 
was  prepared.  Sera  which  react  only  with  homologous  antigens  can  be  re¬ 
garded  as  specific.  If  a  precipitative  serum  reacts  with  the  homologous 
antigen  and  the  proteins  of  the  medium  on  which  the  antigen  was  pre¬ 
pared  the  possibility  of  a  nonspecific  reaction  must  be  eliminated  be¬ 
fore  It  can  be  used.  This  is  done  by  preparing  the  antigen  on  a  medium 
containing  protein  from  another  species  of  animal,  by  careful  prelimin¬ 
ary  purification  of  the  antigen,  etc. 

There  are  various  satisfactory  schemes  for  preparing  precipitative 
sera.  The  first  immunization  cycle  usually  involves  doubling  doses  of 
bacteria,  beginning  with  100  million  per  ml  and  terminating  with  10-20 
billion  per  ml,  or  protein,  beginning  with  10  mg  and  terminating  with 
100-200  mg. 

In  order  to  obtain  sera  to  Cl.  perfringens  types  A,  B,  C,  D  and  E 
immunization  begins  with  100  million  bacteria  per  ml,  8-9  injections 
being  given  at  intervals  of  3-4  days  (B.D.  Bychenko). 
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There  is  also  another  immunization  scheme,  involving  injection  of 
equal  doses  over  the  first  3  days  of  each  week  followed  by  a  4-day  in¬ 
terval,  the  cycle  lasting  3-^  weeks.  The  first  injection  for  each  week 
is  given  lntraperitoneally  or  subcutaneously,  while  the  others  are  giv¬ 
en  Intravenously.  The  manner  in  which  the  antigen  is  administered  plays 
a  large  role.  Thus,  for  example,  a  precipitative  serum  can  be  produced 
by  subcutaneous  injection  of  horses  with  rabbit-serum  albumin,  but  al¬ 
most  no  precipitin  is  formed  if  the  same  albumin  is  administered  intra¬ 
venously. 

An  economical  method  which  yields  good  results  in  globulin  immun¬ 
ization  consists  in  injecting  increasing  doses  of  antigen  beneath  the 
conjunctiva  on  3  successive  days  followed  by  a  two-day  interval,  re¬ 
peating  this  pattern  for  4  weeks  (Yu.N.  Zubzhltskly,  I960). 

Precipitin  formation  begins  4  days  after  administration  of  the  an¬ 
tigen  and  reaches  its  maximum  after  8-9  days.  Blood  is  consequently 
taken  from  the  immunized  animal  8-9  days  after  the  final  injection. 

The  blood  is  processed  and  the  precipitative  serum  prepared  in  es¬ 
sentially  the  same  manner  as  in  the  processing  of  agglutinative  sera. 
Sodium  merthiolate  (1:10,000)  is  used  as  a  preservative.  Addition  of 
0.5#  phenol  may  cause  changes  in  the  serum  leading  to  nonspecific  re¬ 
sults  in  the  annular  precipitation  reaction.  If  the  titre  of  the  pre¬ 
pared  sera  is  not  high  enough  immunization  must  be  prolonged  through 
2-3  or  more  cycles.  Beginning  with  the  second  cycle  the  number  of  in¬ 
jections  can  be  reduced  to  3  at  Intervals  of  4  days.  The  injections 
start  with  doses  half  that  of  the  final  dose  of  the  last  cycle  and  term¬ 
inate  with  a  dose  twice  as  large. 

As  the  number  of  cycles  increases  the  titre  of  the  precipitative 
serum  rises  and  its  action  spectrum,  i.e.,  the  equivalence  zone,  be¬ 
comes  broader. 


Sera  obtained  after  numerous  immunization  cycles  occasionally  lose 
their  specificity.  Such  sera  can  be  used  experimentally  after  20-fold 
dilution  in  physiological  solution,  which  ensures  a  specific  precipi¬ 
tation  reaction. 

Methods  for  conducting  the  precipitation  reaction 
Reaction  with  dilute  antigen 

Mixing  antigen  and  serum.  This  procedure  involves  10  test-tubes 
about  7  cm  long  with  an  inside  diameter  of  0.5  cm.  To  9  of  them  we  add 
0.2  ml  of  undiluted  precipltatlve  serum.  Consecutive  10-fold  dilutions 
in  physiological  solution  of  the  antigen  under  investigation,  from  1:10 
to  1:10^,  are  prepared  separately  and  0.2  ml  of  each  dilution  Is  added 
to  one  of  7  of  the  test-tubes  containing  immune  serum.  The  other  2  se¬ 
rum-containing  test-tubes  are  used  as  a  control:  0.2  ml  of  physiologi¬ 
cal  solution  is  added  to  one  cf  them,  while  0.2  ml  of  any  heterologous 
antigen  or  of  the  sterile  medium  on  which  the  antigen  was  prepared  is 
added  to  the  other.  The  tenth  test-tube  is  filled  with  0.2  ml  of  normal 
serum  and  0.2  ml  of  10-fold  diluted  antigen.  All  the  test-tubes  are 
shaken  until  the  liquids  are  completely  mixed  and  then  placed  in  a  heat¬ 
er  for  2  hr. 

A  preliminary  evaluation  of  the  reaction  is  made  after  the  tubes 
are  shaken,  since  a  precipitate  may  settle  to  the  bottom.  The  antigen 
tltre  is  assumed  to  be  equal  to  the  last  dilution  which  becomes  visi¬ 
bly  cloudy  when  mixed  with  the  serum,  the  controls  remaining  negative. 
All  the  test-tubes  are  placed  in  a  refrigerator  at  0-5°  and  the  reac¬ 
tion  is  again  evaluated  after  24  hr. 

If  there  is  any  suspicion  \,hat  the  serum  is  very  weak  the  reaction 
must  be  carried  out  under  sterile  conditions,  in  test-tubes  sealed  with 
cotton  plugs.  After  being  left  to  stand  in  a  heater  all  the  tect-tubes 
are  kept  in  a  refrigerator  for  up  to  7  days.  The  sterility  of  the  pre- 
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clpltate  Is  checked  microscopically,  since  the  possibility  of  bacterial 

» 

contamination  cannot  be  excluded. 

If  the  antigen  titre  must  be  determined  more  precisely  it  is  pre¬ 
pared  in  d^utions  of  1:2,  1:4,  1:8,  etc.,  i.e.,  having  the  concentra¬ 
tion  double  from  one  solution  to  the  next. 

Annular  precipitation.  Portions  of  0.1  ml  of  undiluted  serum  are 
poured  into  a  series  of  test-tubes  4  cm  long  and  0.3-0. 4  cm  in  inaiae 
diameter.  Consecutive  dilutions  involving  successive  10-fold  decreases 
in  the  concentration  of  the  antigen  under  investigation  are  prepared 
separately.  Portions  of  0.1  ml  of  each  dilution  are  carefully  discharged 
through  the  drawn-out  tip  of  a  Pasteur  pipette  onto  the  surface  of  the 
serum  in  the  test-tubes  in  such  fashion  that  the  boundary  between  the 
two  liquids  remains  quite  distinct  (they  do  not  mix).  The  specificity 
of  the  reaction  is  checked  with  the  following  controls. 

Serum  control.  Separate  portions  of  0.1  ml  of  physiological  solu¬ 
tion,  0.1  ml  of  the  sterile  medium  on  which  the  antigen  was  prepared, 
and  0.1  ml  of  1  or  2  heterologous  antigens  are  overlayered  on  immune 
serum  in  individual  test-tubes. 

Antigen  control.  Separate  portions  of  2-3  "normal"  sera  from  the 
species  of  animal  in  which  the  preclpitative  serum  was  produced  are 
poured  into  individual  test-tubes  and  overlayered  with  0.1  ml  of  anti¬ 
gen. 

All  the  test-tubes  are  placed  in  a  rack  at  room  temperature  (20°) 
and  the  results  are  evaluated  after  5  min,  15  min,  and  then  after  an, 
hour. 

The  reaction  is  considered  positive  if:  1)  the  disk  of  precipitate 
appr^rs  soon  after  the  antigen  is  added  (within  a  few  minutes,  never 
more  than  an  hour);  2)  the  precipitate  formed  is  deposited  gradually 
and  has  no  tendency  to  break  up  or  create  so-called  double  rings;  3) 


the  reaction  in  the  control  test-tubes  is  negative.  The  antigen  titre 
is  assumed  to  be  equal  to  the  last  dilution  at  which  a  distinct  preci¬ 
pitate  disk  clearly  visible  against  a  black  background  is  formed  with¬ 
in  30  min. 

This  method  should  be  regarded  as  qualitative  and  only  very  rough¬ 
ly  quantitative;  it  is  not  particularly  suitable  for  precise  quantita¬ 
tive  determinations.  Nevertheless ,  it  has  a  number  of  material  advan¬ 
tages:  only  small  quantities  of  antigen  and  antibody  are  required,  so 
that  the  reaction  can  be  carried  out  in  capillary  tubes  when  necessary, 
and  the  presence  of  a  boundary  between  the  liquids  prevents  formation 
of  a  zone  in  which  the  reaction  is  suppressed,  since  the  reagents  grad¬ 
ually  diffuse  into  one  anot'ier. 


TABLE  6 

Titration  of  Precipitative  Serum  by  Dilution 
Method  (after  Ivens) 
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1)  Serum  titre;  2)  antigen  solution. 


Serum-dilution  method.  Progressive  double  dilutions  of  the  serum 
under  study  are  prepared  from  1:2,  1:4,  etc.,  to  1:40,1:4096* A  0.2  ml  por 
tion  of  each  dilution  is  poured  into  a  test-tube  (0.5  cm  in  diameter 
and  7  cm  long)  and  0.2  ml  of  a  solution  of  the  antigen  to  be  investi¬ 
gated  is  added.  The  control  consists  of  the  following  mixtures:  l)  0.2 
ml  of  normal  serum  and  0.2  ml  of  homologous  antigen;  2)  0.2  ml  of  the 
Immune  serum  to  be  studied  and  0.2  ml  of  physiological  solution;  3)  0.2 
ml  of  the  immune  serum  and  0.2  ml  of  the  sterile  medium  on  which  the 
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antigen  was  prepared  or  0.2  ml  of  a  heterologous  antigen. 

The  least  antigen  dilution  (tltre)  for  a  constant  serum  concentra¬ 
tion  Is  determined  beforehand  for  antigen -antibody  systems  In  which  the 
reaction  Is  suppressed  In  the  zone  of  excess  antigen  (see  above). 

This  antigen  dose  is  used  for  titrating  the  serum  (Table  6),  since 
the  serum  tltre  may  otherwise  be  too  low. 

By  way  of  example.  Table  6  shows  the  results  of  titration  of  Im¬ 
mune  horse  serum  with  a  protein  antigen.  As  this  table  Indicates,  there 
Is  no  reaction  when  concentrated  antigen  (1:10)  Is  used. 

The  highest  serum  tltre,  1:160,  Is  obtained  with  antigen  diluted 
tc  the  limit  of  reaction  sensitivity  (1:10^). 

Optimum-proportion  method.  This  method  can  be  employed  to  deter¬ 
mine  the  rate  of  a  precipitation  reaction  at  the  optimum  antigen-anti- 
body  concentration  ratio.  In  practice,  this  ratio  often  coincides  with 
the  equivalence  point  or  zone. 

There  are  two  modifications  of  this  procedure,  the  alpha  and  beta 
methods. 

Dlan  and  Webb's  alpha  optimum -proport Ion  method  (dilution  of  the 
antigen)  is  used  principally  for  antibodies  obtained  from  rabbits.  A 
series  of  test-tubes  are  filled  with  0.2  ml  of  Immune  serum  and  0.2  ml 
portions  of  antigen  in  progressive  2-fold  or  10-fold  dilutions  are  add¬ 
ed.  The  tubes  are  shaken  to  mix  the  liquids  and  placed  in  a  water  bath 
at  37°  under  constant  observation.  The  time  required  for  the  contents 
of  the  tubes  to  become  cloudy  is  noted.  The  antigen  dilution  at  which 
the  reaction  first  appears  is  determined. 

It  has  been  established  that  the  optimum  antigen -antibody  ratio  is 
almost  Independent  of  the  antibody  concentration  employed  and  Is  conse¬ 
quently  a  characteristic  of  the  serum. 

Ramon's  beta  optimum-proportion  method  (addition  of  a  constant  an- 
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tlgen  volume  to  varying  quantities  of  serum)  is  used  primarily  for  an¬ 
tibodies  obtained  by  Immunization  of  horses.  The  classic  technique  for 
using  this  method  Is  the  flocculation  test  for  toxins  and  toxoids.  Pro¬ 
gressively  Increasing  quantities  of  antitoxic  serum  are  Introduced  Into 
a  series  of  test-tubes  (0.5  cm  in  diameter  and  7  cm  long)  with  micropi¬ 
pettes  graduated  for  from  0.2  to  0.001  ml.  Portions  of  from  0.01  to 
0.045  ml  of  antitoxin  at  Intervals  of  0.005  ml  are  added  to  the  test- 
tubes  (Table  7).  A  total  of  2  ml  of  the  toxin  or  toxoid  under  Investi¬ 
gation  Is  then  added  to  each  tube.  The  tubes  are  shaken,  placed  in  a 
water  bath  at  50®,  and  kept  under  constant  observation.  Those  which  be¬ 
come  cloudy  (exhibit  a  flocculation  reaction)  soonest  contain  the  maxi¬ 
mum  toxin-antitoxin  ratio.  Table  7  shows  a  reaction  of  this  type  be¬ 
tween  diphtheria  toxin  and  antitoxin. 

TABLE  7 

Beta  Method  Involving  Optimum  Ra¬ 
tio  of  Diphtheria  Toxin  to  Anti¬ 
toxin  (Ramon's  Flocculation  Method) 
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Note :  A  dash  indicates  a  time  of 
more  than  60  min. 

l)  Test-tube  No.;  2)  antitoxin,  ml;  3)  toxin,  ml;  4)  time  of  precipi¬ 
tation  (flocculation)  reaction,  min. 


In  this  case  the  optimum  ratio  of  antibody  to  toxin  occurs  in  test- 
tube  No.  6.  More  precise  titration  can  be  carried  out  by  reducing  the 
antitoxin  dose  from  0.03-0.04  ml  to  0.001  ml. 

The  following  computation  is  used  to  determine  the  flocculation 
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unit.  Let  us  assume  that  1  ml  of  antitoxin  contains  500  units,  i.e., 
one  unit  amounts  to  1  ml/500  =•  0.002  ml.  If  0.035  ml  of  antitoxin  re¬ 
acts  most  rapidly  with  2  ml  of  toxin  in  the  experiment,  2*0.002/0.035 


*  0.115  ml,  or  1  ml  of  toxin  contains  1/0. 115  »  8.7  flocculation  units. 

Determination  of  excess  antigen  in  the  supernatant  is  employed 
when  it  Is  necessary  to  establish  the  purity  of  the  antigen  or  the  cor¬ 
respondence  of  the  optimum  antigen-antibody  ratio  to  the  equivalence 
point  (the  two  do  not  coincide  in  some  systems). 

The  reaction  Is  carried  out  by  the  antigen-dilution  method,  as  des¬ 
cribed  above.  After  determination  of  the  optimum  antigen -antibody  ratio 
the  test-tubes  are  held  at  0-4°  for  2-3  days  to  permit  complete  preci¬ 
pitation.  The  tube  containing  the  optimum  antigen  and  antibody  concen¬ 
trations  and  the  2  or  3  closest  to  it  are  then  centrifuged  for  30  min 
at  3000-6000  rpm  to  obtain  a  clear  supernatant. 

When  the  experiment  is  properly  set  up  the  test-tubes  should  not 
be  heated  during  centrifuging. 

The  supernatants  to  be  studied  are  poured  into  2  series  of  clean 
test-tubes,  0.2  ml  in  each.  Portions  of  0.2  ml  of  fresh  undiluted  pre¬ 
cipitated  serum  are  added  to  the  first  series,  while  0.2  ml  of  antigen 
diluted  to  titre  in  physiological  solution  (in  order  not  to  suppress 
the  reaction  with  an  excess  of  antigen)  is  added  to  each  of  the  tubes 
In  the  second  series.  All  the  tubes  are  shaken.  Incubated  in  a  heater 
for  2  hr,  and  then  held  in  a  refrigerator  at  0-4°  for  24  hr.  The  ap¬ 
pearance  of  a  specific  precipitate  in  the  tubes  of  the  first  series  in¬ 
dicates  an  excess  of  antigen  in  the  antibody  supernatant.  Absence  of  a 
precipitate  In  the  supernatant  indicates  the  equivalence  point.  The  nar¬ 
rower  the  equivalence  zone,  the  purer  is  the  antigen  and  vice  versa. 

The  volumetric  semlquantltatlve  method  yields  good  results  when 
the  antigen  molecules  are  not  very  large.  The  precipitation  reaction  is 
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carried  out  in  special  small  graduated  test-tubes.  The  experimental 
conditions  are  the  same  as  for  the  antigen-dilution  method.  After  being 
kept  in  a  refrigerator  for  24  hr  the  tubes  are  centrifuged  for  15  min 
at  3000  rpm. 

The  volume  of  precipitate  is  determined  with  the  scale  on  the 
tubes.  The  smallest  volume  usually  corresponds  to  the  equivalence  zone. 

Heldelberger^  quantitative  method  permits  extremely  precise  quan¬ 
titative  measurement  of  the  reagents.  It  is  now  widely  used  in  studying 
various  antigens,  including  those  of  bacteria  and  is  especially  impor¬ 
tant  in  analyzing  antigens  which  yield  cross  reactions  or  contain  im¬ 
purities  of  other  antigens;  it  is  also  employed  for  accurate  titration 
of  antibodies. 

The  general  procedure  for  ordinary  quantitative  analysis  consists 
in  the  following:  increasing  quantites  of  antigen  are  added  to  a  series 
of  test-tubes  containing  equal  volumes  of  precipitatlve  serum.  The  con¬ 
tents  of  the  test-tubes  are  mixed  and  the  tubes  are  placed  In  a  refrig¬ 
erator  at  0-4°.  After  48  hr  they  are  centrifuged,  being  cooled  during 
•.he  process.  The  precipitates  are  washed  twice  with  physiological  solu¬ 
tion  under  refrigeration  and  analyzed  for  nitrogen  content  by  Kjeldahl's 
micromethod.  For  convenience,  the  figures  are  expressed  in  units  of  ni¬ 
trogen  rather  than  protein.  These  reactions  are  usually  repeated  and  the 
mean  values  calculated. 

Each  supernatant  is  tested  by  addition  of  antigen  and  precipita- 
tive  serum,  as  described  in  the  section  headed  "Determination  of  excess 
antigen  or  antibody  in  the  supernatant." 

If  analysis  of  the  supernatant  shows  that  it  contains  no  antigen, 
it  Is  assumed  that  all  the  antigen  is  In  the  precipitate  (provided  that 
it  is  a  simple  homogeneous  substance)  and  the  antibody  nitrogen  is  cal¬ 
culated  by  subtracting  the  nitrogen  in  the  antigen  added  from  the  total 
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precipitate  nitrogen.  If  the  antigen  Is  a  polysaccharide  the  precipi¬ 
tate  contains  only  antibody  nitrogen  and  this  operation  need  not  be  per¬ 
formed.  The  quantity  of  antibody  which  reacts  with  a  given  antigen  (in 
units  per  mg  of  nitrogen)  and,  conversely,  the  quantity  of  antigen 
fixed  by  a  given  quantity  of  antibody  can  easily  be  calculated  from  Hei- 
delberger  and  Kendall's  theoretical  quadratic  equation. 

A  detailed  description  c f  the  various  modifications  of  this  method 
for  different  antigen-antibody  systems  Is  given  in  an  article  by  Kabat 
and  Meyer. 

There  are  also  other  methods  for  the  quantitative  and  semiquant i- 
n-'Mve  determination  of  serum-precipitin  titre,  but  these  are  employed 
less  frequently  and  are  therefore  only  mentioned  here. 

Titration  of  preclpltatlve  sera  by  the  agglutination-reaction  meth¬ 
od.  A  suitable  adsorbent,  colloidal  particles  of  a  low-activity  sub¬ 
stance  (pumice,  dermatol,  talc,  ion-exchange  resins,  suspension  of 
killed  bacteria,  etc.),  is  selected  for  the  antigen  to  be  investigated. 
These  particles  should  be  adsorb  the  antigen  molecules  actively,  but 
should  have  no  great  influence  on  the  character  of  their  chemical  (an¬ 
tigenic)  activity. 

The  ad  orbent  particles  must  satisfy  the  same  requirements  with 
respect  to  physical  state  as  any  bacterial  suspension  used  for  the  ag¬ 
glutination  reaction  (see  the  section  headed  "Agglutination  reaction"). 

Progressive  double  dilutions  of  the  serum  under  study  are  prepared 
and  adsorbent  particles  preliminarily  soaked  in  the  antigen  solution 
are  added  to  each  dilution  in  experimentally -determined  optimum  constant 
concentrations  (N.M.  Shklyar). 

Technically,  this  method  is  the  same  as  the  ordinary  agglutination 


reaction.  One  modification  is  the  highly  sensitive  Hudner  method,  in 
which  the  colloidal  particles  are  added  to  the  solution  after  the  anti- 
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gen  and  antibody  are  mixed. 


General  notes  on  methods  for  the  precipitation  reaction.  The  pre¬ 
cipitation  reaction  requires  observation  of  certain  condtt  ions,  vio¬ 
lation  of  which  may  lead  to  erroneous  results.  A  very  large  excess  of 
antigen  suppresses  the  reaction.  A  similar  phenomenon  may  occur  in  cer¬ 
tain  (toxin -antitoxin)  systems  when  an  excess  of  antibody  is  present 
(flocculation  reaction).  Maintenance  of  standard  pptlmum  experimental 
conditions  plays  an  Important  role  in  precise  quant ltatlce  determina¬ 
tions.  It  has  been  established  that  several  hours  are  sufficient  for 
complete  precipitation  of  an  antigen -antibody  system  when  strong  sera 
containing  more  than  10  mg/ml  of  antibody  nitrogen  are  used,  while  ap¬ 
proximately  a  week  is  required  when  weak  sera  (e.g. ,  from  patients  re¬ 
covering  from  pneumonia)  are  used.  Analysis  of  sera  containing  less 
than  0.1  mg/ml  of  antibody  nitrogen  usually  requires  2  days  or  more. 

The  reaction  proceeds  most  rapidly  and  completely  at  the  equiva¬ 
lence  point  and  most  slowly  in  the  suppression  zone  (sometimes  requir- 
ug  more  than  a  week). 

Precipitation  is  maximal  at  low  temperatures  (0-4°).  The  differ¬ 
ence  in  the  reactions  at  0  and  37°  is  not  very  great  for  rabbit  sera, 
while  for  horse  sera  it  may  reach  13#. 

The  salt  (sodium  chloride)  concentration  is  of  great  importance. 

It  has  been  established  that  rabbit  and  horse  sera  produce  the  largest 
amount  of  precipitate  at  a  salt  content  of  0.9-1#,  while  the  maximum 
for  avian  sera  lies  at  8#.  Absence  of  salt  occasionally  suppresses  the 
reaction  completely  (e.g.,  in  the  flocculation  reaction  between  diph¬ 
theria  toxin  and  antitoxin). 

The  pH  has  a  definite  influence  on  the  precipitation  reaction,  al¬ 
though  many  antigen -antibody  systems  yield  almost  uniform  results  at 
any  pH  between  6.4  and  7*8.  In  the  annular  precipitation  reaction  a 
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more  acidic  medium  promotes  the  appearance  of  so-called  nonspecific 
double  (split)  rings,  which  have  a  tendency  to  be  displaced  in  opposite 
directions  (into  the  serum  and  antigen  zones). 

In  conducting  experiments  over  a  prolonged  period  of  time  (days 
or  weeks)  it  is  necessary  to  maintain  sterile  conditions  to  avoid  con¬ 
tamination  of  the  system  with  common  microorganisms!  the  results  cannot 
be  regarded  as  reliable  if  this  is  not  done.  Sterility  is  achieved  by 
conducting  the  experiment  under  aseptic  conditions  or  by  using  bacterial 
inhibitors  such  as  merthiolate  (0.0l£).  Phenol,  which  is  often  employed 
in  '-he  diffusion  method  on  agar,  cannot  be  used  as  an  inhibitor  when 
th'  reaction  is  carried  out  in  the  liquid  phase,  since  it  produces  er¬ 
roneous  results. 

Attention  must  be  called  to  the  fact  that  some  immune  sera  are  non¬ 
specific,  reacting  with  the  homologous  antigen  and  many  others  and  some¬ 
times  with  physiological  solution.  In  such  cases  the  validity  of  the 
results  depends  wholly  on  the  preliminary  check  of  serum  specificity 
and  the  setting  up  of  appropriate  controls. 

The  presence  of  rather  complex  common  antigens  in  many  species  of 
bacteria  (e.g. ,  the  coliform  group)  often  makes  it  difficult  to  use  the 
ordinary  precipitation  reaction  to  study  their  fine  structures.  Even 
the  serum-depletion  method  with  common  antigens  does  not  always  yield 
satisfactory  results. 

Precipitatlve  sera  obtained  to  various  bacteria  usually  consist  of 
broad-spectrum  groups  of  antibodies;  in  practice,  these  are  difficult 
to  separate  or  purify,  even  by  electrophoresis. 

Methods  involving  diffusion  in  agar  can  be  used  to  detect  indivi¬ 
dual  antigens  or  antibodies  present  in  sufficient  concentrations  in 
various  mixtures. 
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Precipitation  reaction  In  agar 

As  a  result  of  the  varying  dispersion  of  the  antigen  and  antibody 
particles,  methods  Involving  diffusion  In  agar  permit  some  separation 
of  Individual  antigen -antibody  systems  In  mixtures.  Over  a  given  period 
the  antigen  and  antibody  molecules  in  the  agar  move  through  different 
distances,  which  depend  on  the  dispersion,  so  that  the  point  where  they 
meet  (precipitation  zone)  Is  easily  distinguished  visually. 

Agar-dif fusion  methods  have  been  developed  by  Oudin,  Ouchterloni, 
Elek,  Oakley,  and  Pulsorp.  We  distinguish  two  procedures:  l)  simple  dif¬ 
fusion,  in  which  one  reagent  diffuses  into  agar  containing  a  uniform 
concentration  of  the  other;  2)  double  diffusion,  in  which  the  two  rea¬ 
gents  move  toward  one  another  and  meet  in  a  neutral  layer  of  the  agar. 

It  has  been  demonstrated  that  the  specific  precipitation  of  an  anti¬ 
gen-antibody  system  has  nothing  in  common  with  the  nonspecific  phenomen¬ 
on  known  as  Lisegang's  ring.  It  is  assumed  that  a  single  antigen  react¬ 
ing  with  a  homologous  antibody  forms  only  one  precipitation  zone  (line). 

If  several  antigen -antibody  systems  are  moving  through  the  agar 
they  are  independent  of  one  another.  The  number  of  precipitation  zones 
(lines)  corresponds  to  the  minimum  number  of  antigen-antibody  systems 
present  in  the  fluids  under  Investigation. 

Simple-diffusion  methods 

Oudin' s  method.  A  good  brand  of  agar  which  does  not  yield  a  large 
amount  of  residue  is  selected,  washed  several  times  with  redistilled 
water,  ground  fine,  dissolved  in  a  fresh  portion  of  redistilled  water 
to  produce  a  4#  solution,  and  mixed  with  normal  rabbit  se^um  (10#).  The 
mixture  is  sterilized  in  an  autoclave  at  115°  for  15  min  and  centri¬ 
fuged  at  7000  rpm  while  hot  until  a  clear  supernatant  Is  obtained.  Dis¬ 
tilled  water  Is  added  to  the  latter  to  produce  a  2.4#  agar  solution,  to 
which  0.85#  sodium  chloride  is  added.  The  prepared  agar  is  poured  into 
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test-tubes  and  twice  sterilized  at  100°  for  30  min  at  a  24-hr  interval. 

Before  setting  up  the  precipitation  reaction  the  agar  is  melted  in 
a  water  bath,  cooled  to  30° ,  and  mixed  half  and  half  with  the  serum  to 
be  studied.  Portions  of  1  or  2  ml  of  the  mixture  are  poured  into  ster¬ 
ile  narrow  test-tubes  (0.7  cm  in  inside  diameter  and  7  cm  long)  sealed 
with  cotton  plugs. 

After  the  agar  has  solidified  1  or  2  ml  of  the  antigen  solution 
under  investigation  is  poured  over  it  and  the  test-tubes  are  sealed 
with  sterile  rubber  stoppers  and  placed  in  a  refrigerator  at  0-4°.  The 
re; it ion  is  checked  daily,  recording  the  appearance  time,  number,  and 
mcvement  of  the  precipitation  zones. 

When  the  antigen  concentration  is  high  weak  precipitation  zones 
develop  within  a  few  hours  or  days,  having  the  form  of  uniform  disks 
perpendicular  to  the  axis  of  the  test-tube  and  exhibiting  a  tendency  to 
move  after  several  days. 

When  several  antigen -antibody  systems  participate  in  the  reaction 
many  precipitation  zones  which  appear  homogeneous  when  they  develop  may 
split  into  several  new  zones  after  3-7  days. 

If  the  antigen  concentration  is  low  precipitation  zones  may  not 
develop  until  several  (5-7)  days  have  elapsed,  often  having  a  menis- 
coid  form  and  virtually  no  tendency  to  move.  A  sharply  delineated  reac¬ 
tion  zone  Indicates  that  the  antigen  is  homogeneous,  while  a  split  zone 
without  clear  boundaries  indicates  a  polydispersed  antigen. 

Petri  and  Stlben's  method  was  proposed  for  diagnosing  the  causa¬ 
tive  agent  of  gas  gangrene  (Cl.  perfringens  type  A,  Cl.  oedematiens. 

Cl.  septicum). 

Antitoxic  serum  tto  Cl.  septicum.  Cl.  perfringens,  or  Cl.  oedema¬ 
tiens  is  added  to  the  2#  beat -inf uslon  agar  used  for  culturing  anaero¬ 
bic  Clostridia  in  a  dose  of  8  units  per  ml.  The  species  of  Clostridia 
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to  be  studied  is  transferred  to  different  points  on  3  dishes  by  the  in¬ 
jection  or  streak  method.  The  dishes  are  incubated  at  37*  for  24  hr  un¬ 
der  anaerobiotic  conditions.  If  the  bacterium  produces  a  homologous 
toxin  weak  concentric  precipitation  lines  (zones)  appear  around  the 
sites  of  culture  growth  and  bee one  more  pronounced  after  48-72  hr. 

Ouchterloni *s  method.  Cue  part  of  agar  is  dissolved  in  30  parts  of 
hot  water  and  precipitated  with  0.5#  calcium  chloride.  The  residue  is 
removed  by  filtration.  The  solidified  agar  is  ground  and  dialyzed  in 
water  for  72  hr.  It  is  then  remelted  and  1  liter  is  mixed  with  1.6  g 
of  sodium  chloride;  merthlolate  (1:10,000)  or  methyl  orange  (3:100,000) 
is  then  added  to  suppress  growth  of  common  microorganisms.  The  prepared 
agar  is  stored  in  a  refrigerator  in  sterile  flasks. 

Before  use  the  agar  is  melted  and  cooled  to  50*,  50#  precipitative 
serum  is  added  to  it  (e.g.,  50  ml  of  agar  and  50  ml  of  serum),  and  a 
thin  layer  (0.2  cm)  is  poured  into  a  sterile  Petri  dish  with  a  smooth, 
clean  bottom  and  permitted  to  solidify. 

Triangular  or  tubular  metal  molds  set  up  no  less  than  1  cm  apart 
and  filled  with  a  0.3  cm  layer  of  fresh  agar. 

After  the  agar  has  cooled  the  molds  are  carefully  removed  and  the 
wells  thus  formed  are  filled  with  the  antigen  to  be  studied.  All  these 
procedures  must  be  carried  out  under  relatively  sterile  conditions. 

The  dishes,  with  their  wells  filled,  are  left  on  a  level  surface 
for  2-5  hr  and  then  placed  in  a  refrigerator  at  0-4°.  The  precipita¬ 
tion  zones  take  the  form  of  concentric  circles  around  the  antigen-con¬ 
taining  wells.  The  reaction  is  observed  for  14  days. 

The  wells  can  also  be  formed  with  special  metal  punches,  keeping  a 
constant  distance  between  the  centers  of  the  tubes.  Such  punches  can  be 
produced  in  any  machine  shop.  This  method  is  somewhat  more  sensitive 
than  the  test-tube  technique. 
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The  time  required  for  the  precipitation  zones  to  appear  depends 
to  some  extent  on  the  thickness  of  the  agar  layer;  the  thicker  the  lay¬ 
er,  the  more  rapidly  the  antigen  diffuses. 

Double-diffusion  methods 

Elek’s  method.  A  meat -Infusion  agar  is  prepared,  based  on  a  medium 
suitable  for  the  exotoxin-produclng  microorganism  In  question.  A  thin 
transparent  layer  (0.3-0. 4  cm)  of  sterile  agar  Is  poured  Into  a  Petri 
dish  with  a  smooth,  clean  bottom.  A  strip  of  sterile  filter  paper  mois¬ 
tened  In  antitoxic  serum  Is  placed  on  the  surface  of  the  solidifed  agar, 
:ig  the  diameter  of  the  dish. 

The  cultures  under  Investigation  are  applied  in  streaks  perpendicu¬ 
lar  to  the  paper  strip;  the  streaks  should  be  no  less  than  1  cm  apart. 
The  inoculated  dishes  are  incubated  under  conditions  optimum  for  the 
bacterium  in  question.  Precipitation  zones  appear  around  cultures  treat¬ 
ed  with  homologous  toxin  after  24-72  hr. 

Various  indicators,  such  as  washed  erythrocytes,  clear  lecithovi- 
tellln  solution,  powdered  skin,  dentine,  etc.,  can  be  added  to  the  me¬ 
dium  to  permit  simultaneous  detection  of  the  enzymatic  activity  of  cer¬ 
tain  poxins  (lecithlnase,  collagenase,  etc.). 

Oakley  and  Fulsorp's  method.  Ouchterloni 's  method  is  used  to  pre¬ 
pare  1#  neutral  agar.  A  0.5#  phenol  solution  is  added  to  the  agar  In 
order  to  Inhibit  common  microorganisms;  the  agar  Is  poured  Into  ordin¬ 
ary  bacteriological  test-tubes  and  stored  in  a  refrigerator.  Before  use 
it  is  melted  and  cooled  to  50°. 

A  total  of  1  ml  of  1#  aga^  is  mixed  with  different  volumes  of  se¬ 
rum  and  0.4  ml  portions  of  the  mixture  are  carefully  poured  into  two 
narrow  test-tubes  (0.7  cm  in  diameter  and  7  cm  long)  and  permitted  to 
solidify  (lower  layer).  At  this  point  an  additional  1  ml  of  hot  1#  agar 
is  carefully  mixed  with  an  equal  volume  of  physiological  solution  and 
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added  to  the  0.4  ml  In  the  two  experimental  test-tubes  (middle  layer). 
Finally,  a  new  portion  of  melted  agar  (1  ml)  is  mixed  with  an  equal 
volume  of  the  antigen  under  investigation  and  poured  over  the  0.4  ml  in 
the  experimental  tubes  (upper  layer);  each  layer  is  approximately  1  cm 
deep.  Two  test-tubes  are  employed  because  the  experiment  must  be  dupli¬ 
cated  in  order  to  avoid  incorrect  results.  The  experimental  tubes  are 
sealed  with  sterile  rubber  stoppers  and  placed  in  a  refrigerator  at  0-4 
The  antigen  and  antibody,  moving  to  meet  one  another  in  the  middle  agar 
layer,  form  precipitation  zones.  This  procedure  is  more  sensitive  and 
less  affected  by  temperature  fluctuations  than  Wilson's  simple-diffusion 
method. 

Many  modifications  of  the  double-diffusion  method  have  been  pro¬ 
posed.  Oakley  developed  a  convenient  technique  for  double  diffusion  in 
agar  in  Petri  dishes. 

A  0.3-0. 4  cm  layer  of  neutral  agar  prepared  with  0.5#  phenol  b” 
Ouchterloni 's  method  is  poured  into  a  Petri  dish  with  a  smooth,  clean 
. _ttom  and  permitted  to  solidify.  A  special  metal  tube  with  an  outside 
diameter  of  0.5  cm  and  a  sharp  edge  is  used  to  make  wells,  following  a 
predrawn  pattern  placed  under  the  bottom  of  the  dish. 

The  tube  can  be  connected  to  a  water-jet  pump  through  a  glass  bulb 
so  that  the  wells  are  immediately  cleaned  out  by  aspiration  of  the  agar 
dlslcas  they  are  cut  away. 

A  total  of  31  wells  is  prepared,  their  margins  being  separated  by 
0.6  cm.  This  makes  it  possible  to  conduct  various  combined  experiments 
with  one  or  more  sera  and  one  or  more  antigens,  which  is  especially  im¬ 
portant  in  setting  up  cross -precipitation  reactions  with  antigens  from 
one  or  more  species  of  bacteria. 

G.I.  Abelev  suggested  a  modification  of  the  precipitation  reaction 
in  agar  for  studying  antigens  and  antibodies  with  common  and  different 


components.  In  essence,  this  method  consists  in  cutting  wells  in  the 


corners  of  a  square,  in  such  fashion  that  the  distance  between  their 


margins  alor.g  the  diagonal  is  1  cm.  The  antigen  and  corresponding  anti¬ 


body  are  poured  into  diagonally  opposite  wells. 


A. I.  Gusev  and  V. S.  Tsvelkov’s  micromodification  of  the  agar-dif- 
fusion  method  (1961)  can  be  used  to  obtain  good  photographs  of  the  pre¬ 


cipitation  zones.  A  thin  layer  of  agar  is  applied  to  clean,  degreased 


9  x  12  photographic  plates  separated  by  glass  strips  at  2  or  3  differ¬ 


ent  points.  Wells  are  cut  into  the  agar  with  special  standard  metal 


pu:  ohes  attached  to  the  tube  of  a  microscope. 


The  punch  tubes  have  an  outside  diameter  of  2-5  mm;  each  punch  has 


from  4  to  7  tubes  with  a  distance  of  5*5-10  mm  between  their  centers. 


The  use  of  punches  makes  it  possible  to  maintain  a  constant  dis¬ 


tance  between  the  wells  and  to  fill  them  with  equal  volumes  of  reagents. 


The  plates,  with  the  wells  filled,  are  placed  in  a  moist  chamber  (a  des- 
sicator  with  water  on  the  bottom)  in  order  to  keep  them  from  drying  out 


and  the  results  are  evaluated  after  1-2  days.  Good  photographs  of  the 


precipitation  zones  can  be  taken  by  illuminating  the  plates  indirectly. 


Densitography  of  the  precipitation  lines  on  agar  plates  approxi¬ 


mately  3  nun  thick,  using  a  selenium  photocell,  can  be  employed  for 


quantitative  evaluation  of  precipitation  reactions  carried  out  in  agar 


by  the  double -diffusion  method. 


The  precipitation  zones  are  treated  with  special  stains  in  order 


to  show  up  olysaccharides  or  monoproteins  In  the  precipitates.  If  the 


researcher  has  only  negligible  quantities  of  antigen  and  antibody  avail¬ 


able,  he  can  use  the  capiillary  micromethod  for  conducting  the  precipi¬ 
tation  reaction  in  agar  (O.Ye*  Vyazov  et  al.,  1959),  which  permits  an¬ 
alysis  of  0.001-0.004  ml  of  the  substance  under  study.  Purified  1%  neu¬ 
tral  agar  dissolved  in  physiological  solution  containing  O.ljt  phenol  is 
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poured  Into  test-tubes,  autoclaved,  and  stored  In  a  refrigerator.  Be¬ 
fore  use  the  agar  Is  melted,  centrifuged  at  3000  rpm  In  order  to  remove 
suspended  particles,  and  then  poured  Into  capillary  Pasteur  pipettes 
with  an  inside  diameter  of  0. 6-0.8  mm.  The  agar  column  has  an  optimum 
height  of  1-1.5  cm.  It  Is  kept  3  cm  from  the  end  of  the  pipette  and  per¬ 
mitted  to  solidify  and  the  capillary  Is  then  cut  f  om  the  remainder  of 
the  pipette,  1.5-2  cm  from  the  edge  of  the  agar,  with  a  carborundum 
disk.  I 

Tuberculin  syringes  with  fine  needles  are  used  to  Inoculate  one 

) 

side  of  the  agar  with  the  antigen  and  the  other  side  with  the  antibody 
(taking  care  to  avoid  air  bubbles).  The  capillary  Is  placed  on  a  side. 
Its  ends  are  sealed  with  paraffin,  and  It  is  incubated  at  37°  for  1  day 
and  then  kept  in  a  refrigerator  for  17  days. 

Precipitation  zones  appear  after  2-48  hr,  but  the  clearest  results 
are  observed  between  the  7th  and  17th  days.  The  density  of  the  zones  is 
evaluated  with  a  microscope  optical  system  connected  to  a  photocell  and 
galvanometer. 

Recording  Is  carried  out  by  compilation  of  appropriate  curves  and 
microphotometry.  ^ 

The  advantage  of  the  various  methods  for  conducting  the  precipita¬ 
tion  in  agar  lies  in  the  fact  that  they  permit  analysis  of  mixed  anti¬ 
gens  and  antibodies  and  use  of  relatively  cloudy  antigens  and  are  tech¬ 
nically  simple. 

Their  drawbacks  lie  in  the  Imperfection  of  the  quantitative  analy¬ 
sis,  the  rather  long  duration  of  the  reaction,  and  their  low  sensitivity 
to  certain  bacterial  toxins  (tetanus,  botulin.  Cl.  perfringens)  (B.D. 
Bychenko,  I960;  T.I.  Bulatova,  1961). 

Complement -Fixation  Reaction 

In  the  complement-fixation  reaction  (CFR)  the  antigen  and  antibody 
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combine  to  form  a  complex  capable  of  adsorbing  complement.  An  antigen- 
antibody  complex  Is  formed  If  the  two  are  homologous.  If  they  are  not 
homologous  no  complex  Is  formed  and  the  complement  remains  free.  Comple¬ 
ment  -fixing  Immune  antibodies  are  present  only  In  Immune  serum  and  are 
specific  to  the  corresponding  antigen. 

The  antigen-antibody -complement  complex  Is  Invisible  when  produced. 
A  hemolytic  system  Is  Introduced  into  the  reaction  In  order  to  deter¬ 
mine  whether  the  complement  has  been  adsorbed  or  remains  free.  This  sys¬ 
tem  Is  an  Indicator  for  the  first  phase  of  the  reaction.  It  consists  of 
an  antigen  (sheep  erythrocytes)  and  hemolytic  serum  specific  to  the 
erythrocytes.  Hemolysis  takes  place  In  the  presence  of  complement.  If 
the  antigen  and  antibody  used  in  the  experiment  are  homologous  the  com¬ 
plement  is  adsorbed  on  the  antigen -antibody  complex  and  the  erythrocytes 
are  not  hemolyzed  when  the  hemolytic  system  is  added.  If  the  antigen  and 
antibody  are  heterologous  the  complement  remains  free  and  hemolysis  oc¬ 
curs  when  the  hemolytic  mixture  Is  added. 

The  hemolysis  Is  very  graphic  and  can  be  observed  as  soon  as  hemo¬ 
globin  Is  released  from  the  stroma  of  the  erythrocytes,  staining  the 
liquid  red. 

Consequently,  If  there  Is  no  hemolysis  the  complement -fixation  re¬ 
action  is  diagnostically  positive  and  the  serum  under  investigation  cor¬ 
responds  to  the  antigen  used.  Conversely,  if  hemolysis  does  take  place 
the  complement -fixation  reaction  Is  diagnostically  negative  and  the  se¬ 
rum  is  not  homologous  to  the  antigen. 

The  complement -fixation  reaction  is  thus  a  combination  of  two  re¬ 
actions,  the  first  being  adsorption  of  the  complement  by  the  specific 
antigen-antibody  complex  (the  basic  specific  phase)  and  the  second  the 
henolytlc  reaction  (which  indicates  whether  or  not  complement  fixation 
has  occurred). 
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Of  the  hypotheses  which  have  been  advanced  regarding  the  mechanism 
of  the  lytic  reaction,  the  most  acceptable  is  that  which  regards  the  im¬ 
mune  antibody  as  a  sensitizing  agent  that  prepares  the  cell  to  receive 
the  complement.  Adsorption  of  the  latter  by  the  antigen-antibody  com¬ 
plex  leads  to  cellular  lysis. 

The  complement -fixation  reaction  can  be  us^d:  1)  to  determine  the 
properties  of  an  unknown  serum  from  its  interaction  with  a  known  anti¬ 
genic  diagnostic  serum;  2)  to  detect  and  determine  the  species  of  an 
ur.!-iown  antigen  from  its  interaction  with  a  known  diagnostic  serum.  The 
CFfl  i.s  the  only  practicable  immunological  reaction  for  diagnosing  infec¬ 
tious  diseases  such  as  glanders,  gonorrhea,  syphilis  (the  Bordet -Was ser- 
mann  reaction),  tuberculosis,  pertussis,  rhinos cleroma,  and  echinococ¬ 
cosis.  It  is  also  a  valuable  research  technique  in  other  Infections 
(tularemia,  brucellosis,  rickettslosls,  and  various  viruses)  and  in 
solving  a  number  of  scientific  and  theoretical  problems  in  the  research 
laboratory. 

In  addition  to  these  advantages,  the  complement -fixation  reaction 
has  a  number  of  characteristics  which  present  a  material  obstacle  to 
wide  utilization.  It  Involves  5  components,  which  must  be  used  in 
strictly  quantitative  proportions,  and  this  creates  certain  technical 
difficulties.  Some  of  these  components  are  very  labile  and  must  conse¬ 
quently  be  prepared  immediately  before  the  reaction  is  set  up  (the  com¬ 
plement)  or  several  days  beforehand  (the  sheep  erythrocytes).  The  need 
for  complement  and  sheep  erythrocytes  forces  the  laboratory  to  keep  the 
appropriate  animals  (guinea  pigs  and  sheep)  before  they  are  used,  which 
is  not  always  possible  under  practical  conditions. 

The  difficulty  of  setting  up  the  complement-fixation  reaction  is 
also  due  to  the  fact  that  the  serum  and  antigen  often  have  anticomple¬ 
mentary  properties,  which  can  distort  the  results.  In  order  to  avoid  ln- 
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correct  results  the  reaction  Is  based  on  a  quantitative  method,  which 
requires  preliminary  titration  of  ths  Ingredients  to  determine  the  work¬ 
ing  dose,  l.e.,  the  quantity  of  a  given  component  necessary.  These  pre¬ 
liminary  titrations  complicate  the  procedure. 

The  complexity  of  the  reaction  explains  the  fact  that  it  la  often 
carried  out  over  2  days.  The  necessary  preliminary  work  is  conducted 
during  the  first  day,  while  the  basic  experiment  is  performed  on  the 
second. 

Vessel  and  apparatus.  Ordinary  bacteriological  or,  still  better, 
'v.'a.'serman  test-tubes  (10-12  x  80-100  mm),  racks  to  hold  them  (6-10 
holes),  graduated  1.5  and  10  ml  pipettes,  graduates,  and  flasks  are  ne¬ 
cessary  to  set  up  the  complement -fixation  reaction. 

All  the  vessels  should  be  washed  clean  and  sterilized.  A  new  ves¬ 
sel  must  be  cleaned  especially  carefully  in  hot  water  with  a  brush,  but 
without  using  acids  or  alkalies.  If  a  dirty  vessel  is  washed  with  a 
chromate  mixture  it  should  then  be  carefully  rinsed  in  running  tap  wa¬ 
ter.  Vessels  used  for  the  CFR  are  not  employed  for  other  work.  It  is 
necessary  to  have  a  3000  rpm  centrifuge,  a  water  bath  for  the  racks  and 
test-tubes,  and  a  heater. 

Medium  conditions  for  the  complement -fixation  reaction.  The  medium 
used  to  set  up  the  reaction  has  a  substantial  Influence  on  its  course 
and  results.  The  antigen -antibody  complex  may  dissociate  at  a  very  acid 
or  alkaline  pH,  which  distorts  the  results  of  the  reaction.  The  optimum 
pH  for  complement  fixation  is  7. 0-8.0. 

Hypertonic  sodium  chloride,  solutions  of  calcium  and  lithium  salts, 
and  isotonic  physiological  solution  have  an  inhibitory  effect  on  forma¬ 
tion  of  the  specific  complex. 

The  function  of  the  complement  varies  with  the  ion  concentration 
in  the  medium.  K,  Na,  Ca,  Ba,  and  NH^  cations  and  NO-j,  Y,  SO4,  F,  Cl, 
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and  other  anions  have  a  strong  inhibitory  action.  In  this  connection 
the  physiological  solution  must  be  prepared  with  chemically  pure  sodium 
chloride  whose  content  of  potassium  and  calcium  and  magnesium  sulfates 
should  not  exceed  thousandths  of  a  percent  and  of  calcium  and  magnesium 
chlorides  should  not  exceed  hundredths  of  a  percent  (S.I.  Ginzburg  and 
V.S.  Kalinin). 

Redistilled  water  must  usually  be  used  in  preparing  the  physiologi- 
cal  solution. 

Reaction  components 

A  total  of  5  components  participate  in  the  complement -fixation: 
hemolytic  serum,  sheep  erythrocytes,  complement,  antigens  (diagnostic 
or  unknown),  and  serum  (unknown  or  diagnostic). 

The  total  reaction  volume  is  usually  2.5  ml,  0.5  ml  of  each  com¬ 
ponent.  It  is  permissible  to  double  or  halve  the  total  volume,  which 
then  amounts  to  5  ml  in  the  first  case  and  1.25  ml  in  the  second.  A 
mixture  volume  of  5  ml  Is  most  favorable  for  a  correct  complement -fix¬ 
ation  reaction,  but  the  usual  volume  is  2.5  ml  because  of  a  lack  of  some 
components. 

In  setting  up  the  reaction  it  is  first  necessary  to  prepare  the 
hemolytic  serum. 

Hemolytic  serum 

The  hemolytic  serum  is  prepared  by  immunizing  rabbits.  The  animals 
are  repeatedly  (3-4  times)  given  2-5  ml  of  a  50#  suspension  of  washed 
sheep  erythrocytes  at  intervals  of  2-3  days.  Blood  is  taken  from  the 

t 

rabbits  6-8  days  after  the  last  injection  if  preliminary  titration  (af¬ 
ter  6-7  days)  shows  a  serum  titre  of  no  less  than  1:1000. 

After  2  or  3  weeks  of  rest  the  animals  are  revaccinated  and  the 
next  immunization  cycle  begins.  The  serum  obtained  must  be  inactivated 
In  order  to  remove  the  complement  (at  560  for  30  min).  For  preservation 


TABLE  8 

Scheme  for  Preparation  of  Hemoly¬ 
tic-Serum  Dilutions  Prom  a  Basic 
Dilution  of  1:100 
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2 )  Test-tube  No.;  2)  serum  dilution  required;  3)  herAytic  serum,  ml; 
4)  physiological  solution,  ml. 


If-  dry  boric  acid  is  added  to  the  serum.  A  mixed  series  is  prepared 
from  sera  obtained  from  several  rabbits,  titrated,  poured  into  ampules, 
and  stored  in  a  refrigerator. 

Serum  with  a  titre  of  no  less  than  1:1200-1:1500  must  be  used  in 
the  complement -fixation  reaction.  The  hemolytic  serum  is  titrated  in 
accordance  with  the  following  scheme:  it  is  diluted  with  physiological 
solution  in  a  ratio  of  0.1  ml  of  serum  to  9«9  ml  of  solution  and  the 
basic  dilution  of  1:100  is  then  further  diluted  (Table  8). 

TABLE  9 


Titration  Scheme  for  Hemolytic  Serum  (after  V.S. 
Kalinin) 
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1)  Test-tube  No.;  2)  volume  (ml  V  and  dilution  of  hemolytic  serum;  3) 

3 %  erythrocyte  suspension,  ml:  4)  complement  diluted  to  1:10,  ml;  5) 
physiological  solution,  ml;  6)  regime;  7)  result;  8)  heater  at  37°  for 
1  hr;  9)  complete  hemolysis;  10)  partial  arrest  of  hemolysis;  11)  com¬ 
plete  arrest  of  hemolysis;  12)  the  same;  13)  no  serum. 
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In  order  to  titrate  the  serum  it  is  necessary  to  prepare  a  1%  sus¬ 
pension  of  sheep  erythrocytes  and  complement  in  a  dilution  of  1:10  (see 
below). 

Portions  of  0.5  ml  of  the  consecutive  serum  dilutions  are  poured 
into  test-tubes.  The  serum  is  diluted  with  a  graduated  (1  ml  divisions) 
pipette,  beginning  with  the  highest  dilution.  0.5  ml  of  the  yf>  sheep- 
erythrocyte  suspension,  0.5  ml  of  complement  diluted  to  1:10,  and  1  ml 
of  physiological  solution  are  then  added  to  each  test-tube.  The  control 
is  a  test-tube  containing  2  ml  of  physiological  solution  and  0.5  ml  of 
the  sheep -erythrocyte  suspension,  i.e.,  an  erythrocyte -resistance 
control  (Table  9).  The  test-tubes  are  placed  in  a  heater  at  37°  for  1 
hr. 

Hemolysis  is  usually  observed  at  low  dilutions.  The  titre  of  the 
hemolytic  serum  is  assumed  to  be  equal  to  the  maximum  dilution  in  a  0.5 
ml  volume  at  which  complete  hemolysis  of  0-5  ml  of  tnc  3%  erythrocyte 
suspension  occurs  in  the  presence  of  0.5  ml  of  complement  diluted  to 
1:10  when  the  tubes  are  kept  in  a  heater  at  37°  for  1  hr. 

In  Table  9  the  titre  of  the  hemolytic  serum  is  1:1500,  since  this 
Is  the  maximum  dilution  which  produces  complete  hemolysis.  This  titre 
is  reduced  by  a  factor  of  3  in  setting  up  the  complement-fixation  reac¬ 
tion. 

For  example,  serum  with  a  titre  of  1:1500  is  taken  in  a  dilution 
of  1:500  (1  ml  of  the  basic  1:100  dilution  and  4  ml  of  physiological 
solution  or  0.1  ml  of  undiluted  serum  and  49-9  ml  of  physiological  so¬ 
lution)  for  the  CFR.  Each  series  of  hemolytic  serum  is  titrated  when  it 
Is  prepared.  If  it  is  stored  for  an  extended  period  its  titre  is  checked 
periodically  (every  3-4  weeks). 

Sheep  erythrocytes 

Sheep  erythrocytes  serve  as  the  antigen  in  the  hemolysis  reaction. 
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The  erythrocyte  producers  are  usually  healthy  one-year-old  sheep, 
which  are  replaced  by  fresh  animals  after  1-1  1/2  years.  Portions  of 
100-150  ml  of  blood  are  taken  from  the  Jugular  vein  no  more  often  than 
once  every  10-15  days.  When  phlebotomy  is  performed  more  frequently  the 
resistance  of  the  erythrocytes  is  lowered:  such  erythrocytes  cause  at¬ 
tenuation  of  positive  CFR  results. 

In  taking  blood  the  wool  on  the  neck  is  clipped  and  the  site  where 
the  needle  will  be  Inserted  is  washed  with  alcohol.  An  assistant  ap¬ 
plies  a  tourniquet  below  the  site  of  the  puncture.  The  vein  is  located 
with  the  index  'inger  of  the  left  hand,  slightly  compressed,  and  punc- 
tu^ed  with  the  needle.  A  rubber  tube  should  be  slipped  over  the  needle, 
emptying  into  a  flask  containing  glass  beads.  The  blood  is  collected, 
deflbrlnated  by  shaking  the  flask  for  10-15  min,  and  aspirated  or  fil¬ 
tered  through  2  or  3  layers  of  gause  to  free  it  from  fibrin  clots.  The 
erythrocytes  are  then  washed  with  3-^  portions  of  physiological  solu¬ 
tion  by  centrifuging  and  resuspension.  After  the  supernatant,  which 
should  be  colorless,  has  been  removed  the  erythrocytes  are  stored  in  a 
refrigerator  for  5-6  days.  A  2.5-3#  erythrocyte  suspension  is  usually 
used  in  the  reaction;  it  is  prepared  by  adding  39-33  ml  of  physiologi¬ 
cal  solution  to'l  ml  of  the  residue  of  washed  erythrocytes. 

Por  more  prolonged  storage  of  the  erythrocytes  it  is  recommended 
that  they  be  preserved  with  formalin  or  calcium  chloride.  A  total  of 
1  ml  of  a  2#  solution  of  formalin  in  physiological  solution  Is  added 
to  10  ml  of  the  erythrocyte  residue.  The  preserved  erythrocytes  are 
stored  for  2-3  weeks.  However,  there  are  Indications  that  such  formal¬ 
ized  erythrocytes  have  anticomplementary  properties.  In  addition,  they 
are  often  unsuitable  for  the  CFR  because  of  the  rapid  conversion  of 
their  hemoglobin  to  methemoglobin. 

Preservation  with  calcium  chloride  has  not  come  into  wide  use, 
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since  It  causes  nonspecific  arrest  of  hemolysis. 

Preservation  with  Ringer-Locke 's  solution  containing  boric  acid  is 
more  commonly  employed.  A  solution  consisting  of  1  liter  of  distilled 
water,  9  g  of  sodium  chloride,  0. 2  g  of  potassium  chloride,  and  1  g  of 
sodium  diacetate  Is  sterilized  In  a  steam  flow  for  30  min  and  mixed 
with  10  g  of  dry  chemically  pure  boric  acid.  The  sheep  erythrocytes  are 
twice  washed  in  this  solution  and  a  3#  suspension  of  the  erythrocytes 
in  it  is  prepared  after  the  supernatant  has  been  removed.  When  kept  un¬ 
der  refrigeration  the  3#  erythrocyte  suspension  in  Ringer-Locke 's  solu- 
tion  can  be  used  for  2-3  weeks.  If  the  erythrocytes  acquire  a  dark  hue 
and  the  supernatant  is  discolored  their  use  in  the  complement -fixation 
reaction  is  contraindicated. 

A  number  of  observations  have  shown  that  it  is  possible  to  use  un¬ 
washed  defibrinated  blood  in  the  CPR,  which  eliminates  the  tedious  pro¬ 
cess  of  washing  the  erythrocytes  by  centrifuging.  The  defibrinated 
blood  is  filtered  through  gauze  and  diluted  with  Ringer-Locka 's  or  phy¬ 
siological  solution  in  a  ratio  of  1  ml  of  blood  to  19  ml  of  solution. 

The  density  of  the  erythrocyte  suspension  is  of  material  importance 
in  the  CFR,  since  it  has  a  considerable  influence  on  the  complement  ti- 
tre. 

There  are  various  methods  for  standardizing  sheep  erythrocytes. 
Standardization  from  the  hemoglobin  content  of  the  sheep's  blood  (N.M. 
Nikolayev)  is  not  sufficiently  precise. 

Standardization  of  the  suspension  in  a  photoelectrocolorimeter  is 
the  most  accurate  method  (A. I.  Vorob'yev  and  Ye.M.  Bessonova  )•  A  3* 
suspension  of  washed  sheep  erythrocytes  is  prepared,  9  ml  of  distilled 
water  is  added  to  1  ml  of  the  suspension,  and  the  hemol'-zed  bicod  is 
poured  into  the  colorimeter  cell.  Another  cell  (the  control)  is  filled 
with  1  ml  of  physiological  solution  and  9  ml  of  distilled  water.  The 
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observations  are  made  through  a  green  filter.  If  the  suspension  has  a 
3#  erythrocyte  content  the  colorimeter  reading  is  36  extinction  units. 
If  the  reading  is  above  or  below  36  the  erythrocyte  content  is  corres¬ 
pondingly  greater  or  less  than  3#-  The  calculation  is  made  with  the 
usual  formula.  For  example,  if  the  colorimeter  reading  is  45,  X  * 

«  45«3/36  -  3.75*. 

This  means  that  a  3*75  rather  than  a  erythrocyte  suspension  has 
been  prepared.  The  appropriate  quantity  of  physiological  solution  must 
be  added  to  obtain  a  yf>  solution. 

Ocnplement 

Complement  (alexin)  is  present  in  the  serum  of  any  species  of  ani¬ 
mal,  but  the  complementary  function  is  most  pronounced  in  mammalian  se¬ 
ra,  especially  that  of  guinea  pigs.  It  can  be  detected  in  the  blood  se¬ 
rum,  exudates  and  transudates,  the  lymph,  and  the  cerebrospinal  fluid. 

A  characteristic  property  of  complement  is  its  sensitivity  to  heating 
and  other  physical  agents:  heating  at  56°  for  30  min  completely  des¬ 
troys  it.  It  is  also  broken  down  when  the  serum  Is  stored  for  an  extend 
ed  period  or  shaken,  when  acids  are  added  to  it,  and  under  the  action 
of  other  physical  and  chemical  agents. 

The  properties  of  complement  are  similar  to  those  of  an  enzyme, 
but  its  nature  has  not  yet  been  determined.  It  is  an  intricate  complex 
of  normal  serum  proteins,  some  of  which  are  often  very  labile,  so  that 
the  function  of  complement  Is  disrupted  by  various  physicochemical  fac¬ 
tors  (ultraviolet  irradiation,  shaking,  and  addition  of  acids,  alkalies 
alcohol,  and  ether). 

When  complement  is  dialyzed  it  separates  Into  two  fractions,  a 
globulin  fraction  which  precipitates  and  an  albumin  fraction  which  re¬ 
mains  in  solution.  Both  components  are  thermolabile. 

A  third  (thermostable)  component  was  discovered  in  inactivated  se- 


rum;  it  is  broken  down  by  yeasts,  cobra  venom,  and  Insulin.  The  fourth 
component  of  complement  proved  to  be  thermostable  and  is  broken  down 
by  ammonium  salts,  ether,  chloroform,  cadmium  chloride,  and  other  sub¬ 
stances.  The  fifth  component  is  not  inactivated  even  when  heated  to 
100*  and  is  decomposed  only  by  benzol.  The  sixth  component  is  broken 
down  by  histamine  and  ethylene  diamine.  The  components  of  complement 
are  designated  by  C|,  C£,  C^,  C^,  etc. 

The  role  of  the  fifth  and  sixth  components  in  the  CFR  is  still  un¬ 
known.  During  the  first  phase  of  the  CFR  the  antigen-antibody  complex 
inactivates  the  and  completely  and  the  C-[  partially.  The  plays 
an  important  role  in  hemolysis  and  acts  on  sensitized  erythrocytes. 

Clear,  fibrin -clot -free  guinea  pig  serum  taken  on  the  day  before 
the  experiment  is  usually  used  as  the  complement  in  the  CFR.  The  blood 
is  generally  drawn  from  the  heart  (see  page  208). 

Methods  of  preserving  complement  and  obtaining  dry  complement 
which  retains  its  activity  fcr  several  months  have  now  been  developed. 
For  preservative  purposes  4#  boric  acid  and  5#  sodium  sulfate  in  dry 
fora  are  added  to  the  guinea  pig  serum.  After  these  substances  have 
dissolved  the  complement  is  stored  in  a  refrigerator.  The  preserved 
complement  retains  its  activity  for  1-3  months. 

Dry  complement  is  usually  dissolved  in  physiological  solution  be¬ 
fore  use,  as  indicated  on  the  packing  slip  accompanying  the  ampule. 

Selection  of  the  optimum  complement  dosage  required  for  the  reac¬ 
tion  is  a  necessary  condition  for  setting  up  the  CFR  properly  and  ob¬ 
taining  reliable  results.  There  is  an  inverse  relationship  between  the 
complement  and  hemolytic  serum  in  the  reaction;  the  larger  the  comple¬ 
ment  dose,  the  less  hemolytic  serum  is  required  and  vice  versa.  An  ex¬ 
cess  of  complement  distorts  the  result  of  the  reaction,  since  it  causes 
substantial  attenuation  of  a  positive  reaction  and  may  lead  to  complete 
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loss  of  a  weak  positive  reaction.  A  deficiency  of  complement  causes  re¬ 


tardation  of  hemolysis  in  negative  reactions  and  in  all  controls,  so 


that  it  is  impossible  to  evaluate  the  reaction. 


TABLE  10 


Scheme  for  Titration  of  Complement  Without  Antigen 
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♦Only  0.5  ml  of  the  3%  etythrocyte  suspension  and  no 
hemolytic  serum  Is  added  to  test-tube  No.  11K. 

1)  Test-tube  No.;  2)  complement  diluted  to  1:10,  ml:  3)  physiological 
solution,  ml;  4)  regime:  5)  hemolytic  system,  ml;  6)  heater  at  37°  for 
45  min;  7)  heater  at  37  for  30  min. 


Only  the  optimum,  i.e.,  correctly  selected,  complement  dose  en¬ 


sures  maximum  adsorption  on  the  antigen -antibody  complex  and  complete 


hemolysis  in  the  control  when  the  reaction  is  positive. 


The  complement  is  titrated,  i.e.,  the  working  dose  is  determined. 


before  each  experiment  and  a  basic  complement  dilution  of  1:10  is  pre¬ 


pared.  When  high-activity  complement,  which  guinea  pig  serum  contains 


during  the  summer,  is  employed  the  basic  dilution  is  raised  to  1:20: 


this  gives  a  more  precise  complement  titre.  The  complement  is  titrated 


in  accordance  with  the  scheme  shown  in  Table  10. 


Portions  of  0. 05-0. 5  ml  of  the  basic  complement  dilution  are  poured 


into  a  series  of  test-tubes  and  sufficient  physiological  solution  to 


y 


bring  the  total  volume  to  1. 5  ml  is  added  to  each  tube.  The  rack  holding 
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the  tubes  Is  placed  In  a  heater  at  37®  for  45  min.  The  hemolytic  mix¬ 
ture  is  prepared  30  min  before  the  rack  is  removed  from  the  heater:  an 
equal  volume  of  hemolytic  serum  (in  a  dilution  equal  to  one -third  of 
its  titrel)  is  added  to  the  3#  sheep -erythrocyte  suspension.  The  two  are 
thoroughly  mixed  and  left  in  the  heater  at  37*  for  30  min.  The  rack 
holding  the  complement -containing  test-tubes  and  the  hemolytic  mixture 
are  removed  from  the  heater  at  the  same  time  and  1  ml  of  the  latter  is 
added  to  each  tube;  the  tubes  are  thoroughly  shaken  and  placed  in  the 
heater  at  37°  for  30  min.  The  controls  for  complement  titration  are  as 
follows:  1)  0.5  ml  of  1:10  complement ,  0.5  ml  of  the  3%  sheep-erythro¬ 
cyte  suspension,  and  1.5  ml  of  physiological  solution  (test-tube  No. 

11);  2)  1  ml  of  the  hemolytic  system  and  1.5  ml  of  physiological  solu¬ 
tion  (test-tube  No.  12).  Hemolysis  should  not  occur  in  either  control, 
since  the  first  contains  no  hemolytic  serum  and  the  second  no  comple¬ 
ment.  Hemolysis  in  the  controls  may  result  from  a  nunber  of  factors: 
firstly,  the  erythrocytes  may  undergo  hemolysis  in  physiological  solu¬ 
tion  when  the  sheep  in  question  has  undergone  frequent  phlebotomy  or 
when  they  have  been  stored  for  a  prolonged  period  and,  secondly,  the  he¬ 
molytic  serum  or  complement  may  dissolve  the  erythrocytes. 

The  complement  titre  is  assumed  to  be  the  minimum  quantity  in 
whose  presence  0.5  ml  of  hern'  '.c  serum  in  triple  titre  lyses  0.5  ml 
of  the  3%  sheep -erythrocyte  suspension  within  30  min  at  37°.  Complete 
dissolution  of  the  erythrocytes  occurs  when  large  doses  of  complement 
are  present,  while  small  doses  usually  retard  hemolysis. 

When  'the  complement  is  titrated  it  may  be  either  :  oc  strong  (guin¬ 
ea  pig  serum  during  the  summer)  or  too  weak.  In  the  former  case  it  cau¬ 
ses  hemolysis  at  almost  all  dosages  used  for  titration.  Henciysiu  may 
be  observed  at  low  complement  dosages  when  erythrocyte  resistance  is  re¬ 
duced.  When  the  complement  is  weak  hemolysis  occurs  only  at  large  doses. 
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TABLE  11 


Scheme  for  Complement  Titration  In  the  Presence  of 
Antigen  (after  V.S.  Kalinin) 


Note:  The  hemolytic  mixture  is  kept  in  a  heater  at 
for  30  min  before  being  added  to  the  mixture 
of  the  first  3  reaction  components. 

l)  Test-tube  No.:  2)  antigen  diluted  to  titre,  ml;  3)  complement  dilut¬ 
ed  to  1:10,  ml:  k)  physiological  solution,  ml;  5)  regime;  6)  hemolytic 
mixture,  ml;  7)  heater  at  37°  for  45  min;  8)  heater  at  37°  for  30  min. 


Reduced  complement  activity  often  results  from  a  decrease  in  the  hemo- 
lyzing  power  of  the  serum. 

In  orde.  co  obtain  greater  precision  in  determining  the  complement 
titre  it  is  necessary  to  reduce  the  dosage  more  gradually;  it  is  recom¬ 
mended  that  the  basic  dilution  be  1:20  rather  than  1:10  and  that  more 
highly  fractionated  doses  be  used. 

A  complement  dose  20-35/6  larger  than  titre  is  used  in  the  comple¬ 
ment-fixation  reaction,  deperd  lng  on  the  extent  to  which  hemolysis  was 
retarded  in  tte  preceding  test-tube  during  titration.  This  dose  is 
called  the  working  dose.  In  practice,  it  is  that  quantity  of  complement 
which  would  produce  complete  hemolysis  in  the  second  test-tube. 

If  an  antigen  whose  anticomplementary  properties  are  unknown  is 
employed  in  the  complement-fixation  reaction  the  complement  is  then  ti¬ 
trated  in  its  presence  (Table  11). 

The  results  obtained  are  used  to  compare  the  complement  titres  ob- 
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served  with  and  without  the  antigen.  If  the  antigen  does  not  have  anti¬ 
complementary  properties  the  results  of  the  two  titrations  are  identi¬ 
cal.  An  antigen  with  strong  anticomplementary  properties  greatly  in¬ 
creases  the  complement  tltre  and  cannot  be  used  in  the  complement -fixa¬ 


tion  reaction.  If  the  antigen  has  weak  anticomplementary  properties  the 
working  dose  is  determined  by  titrating  the  complement  in  its  presence. 
TABLE  12 

Scheme  for  Factorial  Titration  of  the  Complement 
Working  Dose 
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1)  Test-tube  No.;  2)  serum,  ml;  3)  physiological  solution,  ml;  U)  com¬ 
plement  working  dose,  ml;  5)  hemolytic  mixture,  ml;  6)  heater;  7)  min; 
8)  result;  9)  dose  sufficient. 


It  is  permissible  to  use  human  complement  for  the  Wasserman  reac¬ 
tion  when  guinea  pigs  are  not  available.  Serum  from  4  or  more  donors 
(Wasserman  negative)  is  mixed  together  no  more  than  24  hr  after  the 
blood  is  taken  and  preserved  with  4$6  boric  acid  and  5#  sodium  sulfate. 
The  complement  is  titrated  from  a  basic  dilution  of  1:1  in  accordance 
with  the  scheme  described  above,  using  a  2 %  sheep-erythrocyte  emulsion. 

Since  determination  of  the  complement  working  dose  is  of  great  im¬ 
portance  for  a  proper  reaction,  a  number  of  authors  have  proposed  more 
accurate  methods  for  this  purpose. 

Cope's  modification.  In  addition  to  titration  of  the  complement 
without  antigen.  Cope  suggested  that  it  be  titrated  in  the  Dresence  oi 
a  working  dose  of  antigen  and  normal  serum  in  accordance  with  the  scheme 
described  above.  For  highly  fractionated  complement  doses  (0.02,  0.04, 
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0.06,  0.08,  0.1,  0.12,  etc.)  are  also  employed,  which  makes  it  possible 
to  titrate  the  complement  working  dose  more  accurately. 


In  setting  up  the  complement-fixation  reaction  it  is  necessary  to 
determine  whether  the  complement  working  dose  selected  corresponds  to 
the  sheep-erythrocyte  suspension  prepared  for  the  reaction. 

For  evaluation  of  the  extent  of  this  correspondence  V.S.  Kalinin 
and  S.I.  Ginzburg  proposed  a  method  of  factorial  titration  of  the  com¬ 
plement  working  dose,  in  which  the  time  factor  is  determinative  (Table 
12).  Portions  of  0.5  ml  of  three  different  sera  are  poured  into  three 
t^.t-tubes.  If  a  patient's  serum  is  to  be  investigated  it  is  diluted  to 
l :5,  while  if  the  species  of  an  antigen  is  to  be  determined  the  test  is 
made  in  the  presence  of  specific  sera  diluted  to  1:20.  A  working  dose 
of  complement,  0.5  ml  of  physiological  solution,  and  1  ml  of  hemolytic 
serum  previously  kept  in  a  heater  for  30  min  are  then  added  to  each  cf 
the  test-tubes.  After  thorough  shaking  the  test-tubes  are  placed  in  a 
heater  for  30  min  and  the  results  are  recorded  after  10,  20,  and  30  min. 

If  retardation  of  hemolysis  is  observed  after  10  min  and  complete 
hemolysis  after  20  min  the  complement  working  dose  is  sufficient.  If 
slightly  retarded  (+  or  ++)  or  complete  hemolysis  is  noted  after  10  min 
the  dose  is  too  large  and  must  be  reduced  by  0.02-0.04  ml.  If  hemolysis 
is  still  retarded  after  20  min,  even  though  in  only  one  of  the  3  test- 
tubes,  the  working  dose  is  insufficient  and  must  be  increased  by  0.02- 
0.04  ml. 

Antigen 

The  complement -fixation  reaction  is  carried  out  both  with  intact 
bacteria  and  cells  and  with  dissolved  antigens.  There  are  various  meth¬ 
ods  of  preparing  the  antigen,  using  either  fresh  or  dried  initial  mat¬ 
erial.  h  suspension  of  heat-killed  bacteria  in  physiological  solution 
is  the  most  frequently  employed.  The  bacteria  can  be  heated  at  100°  for 
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TABLE  13 

Scheme  fop  Determination  of  Antigen  Working  Done 
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I)  Test-tube  No.;  2)  antigen,  ml;  3)  physiological  solution,  ml;  4) 
complement  working  dcse,  ml;  5)  regime;  6)  hemolytic  system,  ml;  7)  re¬ 
sult;  8)  heater  at  37*  for  1  hr;  9)  hemolysis;  10)  retarded  hemolysis; 

II)  the  same. 


15-20  min  or  at  60*  for  1  hr. 

A  bacterial  suspension  treated  with  formalin  or  alcohol  can  be 
used  as  the  antigen.  In  the  latter  case  alcohol  is.  added  to  the  residue 
of  washed  bacteria  in  a  ratio  of  1:5  and  the  mixture  is  left  to  stand 
at  room  temperature  for  2-3  days.  After  the  excess  alcohoi  has  been  re¬ 
moved  the  bacteria  are  flooded  with  physiological  solution  to  a  suspen¬ 
sion  density  of  1  billion  cells  per  ml  and  IJh  dry  boric  acid  is  added 
as  a  preservative.  Since  the  suspension  is  cloudy  it  is  best  to  use 
clear  bacterial  extracts,  which  can  be  obtained  by  various  methods  (&n- 
tiformin  gonococcus,  alcoholic  tuberculosis  antigen),  as  the  antigen. 
Such  extracts  are  distinguished  by  a  higher  sensitivity  in  the  comple¬ 
ment-fixation  reaction  than  bacterial  suspensions.  They  jre  more  stable 
than  suspensions,  their  tltre  remaining  unchanged  duri'  g  prolonged  stor¬ 
age.  In  order  to  obtain  an  extract  the  bacterial  suspension  is  heated 
and  then  centrifuged.  The  clear  supernatant  serves  as  the  antigen  in 
the  reaction.  Complete  antigens  prepared  by  Buaver.'s  ir.ethou,  polysac¬ 
charides,  and  alcoholic  tissue  extracts  are  often  employed  in  the  reac- 
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Many  antigens  have  anticomplementary  properties,  l.e.,  are  capable 
of  adsorbing  the  complement  directly  In  the  absence  of  Immune  serum.  In 
this  connection  the  complement  tltre  must  be  determined  in  the  presence 


of  the  antigen  before  the  basic  experiment  is  set  up.  The  titration  *"t; 

*  f. 

scheme  has  already  been  described.  The  antigen  should  not  suppress  com- 

* 

plement  activity  by  more  than  30£.  > 

It  is  also  necessary  to  determine  the  antigen  working  dose  In  ac- 

» 

cordance  with  the  scheme  shown  in  Table  13  before  setting  up  the  basic 

1 

c-;<r  eriment.  The  complement,  hemolytic  serum,  and  erythrocytes  are  used  . 

>: 

in  titrating  the  antigen,  each  being  taken  In  a  volume  of  0.5  ml.  The 
reaction  volume  Is  thus  2.5  ml.  Physiological  solution  Is  added  instead 
of  the  serum  under  investigation. 

Different  antigen  doses  (from  0.1  to  0.5  ml)  are  poured  into  a  ser¬ 
ies  of  test-tubes  and  sufficient  physiological  solution  Is  added  to  make 
a  total  volume  of  0.5  ml.  After  thorough  shaking  the  tubes  are  placed 
in  a  heater  for  1  hr.  After  this  period  has  elapsed  1  ml  of  hemolytic 
serum  previously  kept  In  a  heater  for  30  min  is  added  to  each  tube.  Af¬ 
ter  shaking  the  test-tubes  they  are  again  placed  in  the  heater  for  1  hr. 

The  greatest  quantity  of  antigen  at  which  hemolysis  takes  place  is 
the  antigen  tltre  and  is  called  the  solvent  dose. 

The  antigen  working  dose  necessary  to  carry  out  the  basic  CFR  is 
usually  2/3  of  the  solvent  dose  (if  the  antigen  is  aqueous).  In  the  ex-  , 

ample  given  In  Table  13  the  antigen  working  dose  is  2/3  of  0.3  ml,  l.e., 

0. 2  ml . 

When  an  alcoholic  antigen  is  titrated  the  working  dose  is  general¬ 
ly  half  the  largest  dose  which  causes  hemolysis  (0.15  ml  in  the  example  , 

'4 

in  question). 

Since  the  antigen  may  have  hemotoxic  as  well  as  anticomplementary 
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properties,  i.e.,  may  dissolve  erythrocytes,  its  hemolytic  characteris¬ 
tics  must  be  checked.  A  total  of  0.5  ml  of  the  1%  erythrocyte  suspen¬ 
sion  and  1  ml  of  physiological  solution  are  added  to  1  ml  of  antigen  di¬ 
luted  to  titre.  The  mixture  is  shaken  and  held  at  37°  for  1  hr.  Hemoly¬ 
sis  should  not  take  place  and  if  it  does  the  antigen  is  unsuitable. 

Serum 

A  known  (diagnostic)  serum  can  be  used  to  determine  an  unknown  an¬ 
tigen  in  the  complement -fixation  reaction.  More  often,  however,  a  known 
(diagnostic)  antigen  is  used  to  detect  the  presence  of  homologous  anti¬ 
bodies  in  the  serum  under  invest igi  t ion.  Serum  from  patients  is  the 
usual  object  of  study.  For  this  purpose  5-10  ml  of  blood  is  taken  from 
a  vein  with  the  patient's  stomach  empty,  at  least  6  hr  after  his  last 
meal,  and  the  serum  is  extracted.  The  latter  must  be  inactive  ted  for  30 
min  at  56®  on  the  day  before  the  CFR.  It  is  mixed  with  2%  dry  boric 
acid  and  stored  under  refrigeration.  After  prolonged  storage  the  serum 
is  again  inactivated  for  10-15  min  on  the  day  before  the  reaction.  In 
addition  to  breaking  down  the  complement.  Inactivation  stabilizes  the 
serum  colloids  necessary  for  the  reaction. 

In  view  of  its  low  specific  activity,  the  patient's  serum  is  gen¬ 
erally  used  in  a  dilution  of  1:5-1:10  In  the  complement -fixation  reac¬ 
tion. 

Diagnostic  sera  or  the  complement -fixation  reaction  are  usually 
obtained  by  immunization  of  rabbits.  Equine  sera  are  rather  inactive  in 
this  reaction.  The  diagnostic  sera  are  employed  in  dilutions  of  1:50, 
1:100,  and  1:  1000,  since  lower  dilutions  (1:5-1:10)  yield  nonspecific 
results.  They  are  inactivated  before  the  CFR  is  set  up. 

Setting  up  the  basic  experiment 

All  the  components  of  the  complement -fixation  reaction  are  diluted 
with  physiological  solution  prepared  from  chemically  pure  sodium  chlor- 
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TABLE  14 

Scheme  of  Basic  Experiment  for  Investigating  an  Un¬ 
known  Serum  (after  V.S.  Kalinin) 
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In  positive  reactions  the  extent  of  the  hemo¬ 
lysis  is  designated  by  the  following  4-plus  -cale: 

++++)  complete  arrest  of  hemolysis  (erythrocytes 
settle  to  bottom,  supernatant  colorless); 

+++)  marked  retardation  (substantial  precipitation 
of  erythrocytes,  supernatant  slightly  reddish); 

++)  partial  retardation  (erythrocyte  residue  on 
bottom,  supernatant  highly  colored); 

+)  slight  retardation  (slight  precipitation  of 
erythrocytes,  supernatant  highly  colored); 

— )  complete  hemolysis  (no  residue,  supernatant 
highly  colored). 

l)  Subject;  2)  test-tube  No.;  3)  serum  (ml)  and  dilution;  4)  antigen 
diluted  to  titre,  ml;  5)  physiological  solution,  ml;  6)  complement,  ml; 
7)  regime;  8)  hemolytic  mixture,  ml;  9)  result;  10)  serum  under  inves¬ 
tigation;  ll)  normal  serum;  12)  positive  serum;  13)  antigen  control  for 


tigation;  11)  normal  serum;  12;  positive  serum;  13;  antigen  control  for 
anticomplementary  properties;  14)  antigen  control  for  hemotoxic  proper¬ 
ties;  15)  heater  at  37°  for  1  hr;  1 6)  heater  at  37°  for  40  min  to  1  hr. 


lde  and  distilled  water.  The  preliminary  work  (preparation  of  the  com¬ 
plement,  washing  of  the  erytnrocytes ,  inactivation  of  the  sera  to  be 
Investigated)  Is  carried  out  on  the  day  before  the  reaction.  The  neces¬ 
sary  dilutions  of  all  the  components  are  made  up  and  the  complement 
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working  dose  is  determined  on  the  day  of  the  basic  experiment  (Table 
13). 

When  an  unknown  serum  la  to  be  studied  the  CFR  is  usually  conduct¬ 
ed  with  three  different  series  of  antigen  prepared  by  the  same  or  dif¬ 
ferent  methods  (A^,  Ag,  and  A^).  The  serum,  antigen,  and  complement  are 
first  combined  in  the  doses  shown  In  Table  14.  After  thorough  shaking 
the  rack  Is  placed  in  a  heater  at  37*  for  1  hr.  The  hemolytic  mixture 
Is  then  prepared  from  different  volumes  of  the  3#  erythrocyte  suspen¬ 
sion  diluted  to  triple  tltre  with  the  hemolytic  serum.  The  mixture  is 
placed  in  the  heater  30  min  before  the  rack  holding  the  tubes  for  the 
basic  experiment  is  removed.  A  total  of  1  ml  of  the  mixture  is  added  to 
each  of  the  test-tubes.  The  contents  of  the  tubes  are  mixed  and  they 
are  again  left  in  the  heater  for  40  min  to  1  hr,  depending  on  the  time 
required  for  hemolysis  to  develop  in  the  control  tubes.  The  results  of 
the  experiment  are  recorded  after  the  tubes  are  removed  from  the  heater 
and  on  the  following  day,  the  rack  holding  the  tubes  being  kept  in  a 
refrigerator  for  15-18  hr. 

The  experiment  is  accompanied  by  the  following  controls; 

1)  normal  serum,  i.e.,  serum  known  to  be  negative  (tubes  Nos.  5, 

6,  and  7)#  should  yield  complete  hemolysis; 

2)  positive  serum,  which  is  usually  kept  from  prior  experiments 
(tubes  Nos.  9,  10,  and  11),  should  produce  complete  arrest  of  hemolysis; 

3)  all  the  test-tubes  containing  experimental  serum  but  no  antigen 
(tubes  Nos.  4,  8,  and  12)  should  exhibit  complete  hemolysis; 

4)  test-tubes  Nos.  13,  14,  and  15  (the  antigen  control  for  anti- 
complementary  properties)  should  yield  complete  hemolysis; 

5)  test-tubes  Nos.  16,  17,  and  18  (the  antigen  control  for  hemo¬ 
toxic  properties)  should  exhibit  complete  arrest  of  hemolysis. 

The  reaction  is  recorded  only  when  the  controls  react  correctly. 
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Retardation  of  hemolysis  In  the  serum  control  may  result  from  too 
small  a  complement  dosage.  In  this  case  it  Is  necessary  to  titrate  the 
complement  working  dose  more  precisely  and  repeat  the  experiment.  In 
addition,  the  serum  under  investigation  may  have  a  capacity  for  autore- 
tardatlon  or,  quite  commonly,  an  anticomplementary  action.  The  autore¬ 
tardation  properties  of  a  serum  are  manifested  as  a  result  of  changes  in 
the  dispersion  of  the  serum  colloids  caused  by  prolonged  storage  or 
overheating  during  inactivation.  All  new  serum  portions  or  samples  must 
be  tested. 

When  the  CFR  yields  a  positive  diagnostic  result  in  the  first  three 
test-tubes  containing  the  serum  under  investigation  (tubes  Nos.  1,  2, 
and  3)  and  in  those  containing  serum  known  to  be  positive  (tubes  Nos. 

9,  10,  and  11)  hemolysis  is  arrested  (++++). 

When  a  negative  diagnostic  result  is  obtained  In  test-tubes  Nos. 

1,  2,  and  3  hemolysis  must  be  complete,  as  in  the  test-tubes  containing 
normal  serum  (tubes  Nos.  5,  6,  and  J). 

The  complement -fixation  reaction  is  occasionally  employed  to  Iden¬ 
tify  an  antigen.  Cerebospinal  fluid  (in  meningitis),  bacterial  extracts, 

the  patient's  excreta,  serum  containing  bacteria  or  their  decomposition 

! 

products,  etc.,  can  be  used  as  the  antigen. 

Diagnostic  serum  in  a  dilution  of  1:20  is  usually  used  as  the  an¬ 
tibody. 

Normal  serum,  an  antigen  known  to  be  positive,  and  an  antigen 
known  to  be  negative  are  taken  as  the  controls.  The  CFR  is  most  fre¬ 
quently  carried  out  under  refrigeration  to  Identify  antigens. 


Complement -fixation  reaction  under  refrigeration 


A  number  of  researchers  (V.I.  Ioffe,  K.M.  Rozental',  and  S.L.  Shir- 


vlndt,  I.V.  Veynerov  and  R.B.  Kalinina,  L.S.  Reznikova  and  O.A.  Stoya- 
nova)  have  shown  the  value  of  prolonged  complement  fixation  under  re- 
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frigeration  at  0-4*.  A  decrease  In  temperature  causes  an  intensifica¬ 
tion  of  complement  adsorption. 

The  complement -fixation  reaction  under  refrigeration  requires  the 
same  preliminary  work  as  the  reaction  under  normal  conditions.  The  com¬ 
plement  working  dose  is  50^  larger  than  that  titrated  in  the  presence 
of  the  antigen.  The  remaining  volumes  and  quantitative  relationships  of 
the  reagents  are  the  same  as  in  the  usual  set-up. 

After  the  components  which  participate  in  the  first  phase  of  the 
reaction  (antigen,  serum,  and  complement)  have  been  mixed  the  test-tubes 
are  kept  in  a  refrigerator  at  0-4*  for  18-20  hr.  The  hemolytic  system, 
which  has  also  been  stored  under  refrigeration  for  18-20  hr,  is  then 
added  to  all  the  tubes  and  they  are  placed  in  a  heater  until  hemolysis 
appears  in  all  the  controls. 

Conducting  the  complement -fixation  reaction  under  refrigeration 
increases  its  sensitivity.  This  method  is  especially  effective  when 
small  quantities  of  antigen  or  antibody  are  present  in  the  material  un¬ 
der  investigation.  Serum  from  patients  with  primary  (serologically  neg¬ 
ative)  syphilis  yields  a  positive  result  when  the  reaction  is  carried 
out  under  refrigeration. 

A  modification  of  the  complement -fixation  reaction  (A. I.  Kcnikov) 
in  which  the  back-titration  method  widely  employed  in  analytic  chemistry 
is  used  for  the  serological  reaction  has  been  proposed  for  quantitative 
determination  of  antigens  and  antibodies.  This  procedure  differs  from 
the  usual  method  in  the  fact  that  the  quantity  of  complement  is  suffi¬ 
ciently  great  that  it  is  not  completely  fixed  in  either  the  control  or 
experimental  tubes.  The  residual  free  complement  is  titrated  and  the 
extent  of  fixation  is  determined  from  the  difference  In  tltres. 

This  variant  has  the  normal  sensitivity  of  the  complement -fi xat ion 
reaction.  Its  advantages  are  manifest  when  the  reagents  are  highly  an- 
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tlcomplementary  or  when  more  precise  quantitative  serological  analysis 
Is  necessary.  It  Is  rarely  used. 

A  complement -fixation  suppression  reaction  (CFSR)  has  also  been 
proposed.  It  is  used  to  determine  antibodies  which  Inhibit  complement 
fixation.  Such  antibodies  are  not  active  in  the  complement -fixation  re¬ 
action,  since  the  complex  which  they  fom  with  homologous  antigens  does 
not  fix  complement. 

A  total  of  6  components  participate  In  the  complement -fixation 
suppression  reaction;  in  addition  to  the  5  components  of  the  ordinary 
j<." olement-f lxatlon  reaction,  standard  immune  serum  homologous  to  the 
ars  igen  used  and  active  In  this  reaction  is  added. 

The  complement -fixation  reaction  Is  suppressed  in  the  following 
manner:  the  serum  under  investigation  and  the  antigen  are  mixed  and,  af 
ter  a  predetermined  Interval,  the  complement  and  standard  immune  serum 
active  In  the  complement -fixation  reaction  are  added.  The  hemolytic 
system  is  added  after  a  given  period  has  elapsed. 

If  hemolysis  is  arrested  after  the  mixture  has  been  held  in  a  heat 
er  the  result  is  diagnostically  negative:  the  serum  under  study  has  not 
aided  the  antigen  in  combining  with  the  standard  immune  serum,  the  com¬ 
plement  has  been  fixed  on  the  ant igen -antibody  complex,  and  hemolysis 
has  thus  not  occurred.  The  immune  serum  thus  contains  no  antibodies 
homologous  to  the  antigen  used. 

Occurrence  of  hemolysis  indicates  a  positive  diagnostic  result: 
the  serum  under  investigation  contains  antibodies  homologous  to  the  an- 

9 

tigeii  and  has  formed  a  complex  which  inhibits  combination  of  the  anti¬ 
gen  with  the  standard  serum  active  in  the  complement -fixation  reaction 
(a  complement -fixation  suppression  reaction  has  occurred).  The  comple¬ 
ment  remains  free  and  hemolysis  takes  place. 

In  view  of  its  complexity  and  a  number  of  unsolved  problems,  the 


complement -fixation  suppression  reaction  has  not  come  into  wide  use.  It 
is  not  known  how  widely  complement-fixation-inhibiting  antibodies  are 
encountered,  whether  they  occur  in  all  species  of  animals,  and  in  which 
human  diseases  they  are  formed.  This  reaction  is  used  for  diagnosing 
certain  virus  and  rickettsial  diseases  of  man. 

The  Hemagglutination  Reaction 

Hemagglutination  refers  to  the  aggregation  of  erythrocytes  under 
the  action  of  various  agents.  We  distinguish  active  (direct)  and  pas¬ 
sive  (indirect)  hemagglutination. 

Active  hemagglutination  is  the  ability  of  erythrocytes  to  aggre¬ 
gate  under  the  action  of  different  types  of  substances  .  It  is  observed 
under  the  action  of  viruses,  bacteria,  bacterial  metabolic  products, 
plant  and  seed  extract,  snake  venoms,  etc.,  and  is  nonspecific. 

Adsorption  of  an  antigen  on  erythrocytes  need  not  always  be  accom¬ 
panied  by  aggregation.  Such  erythrocytes  agglutinate  only  if  they  are 
mixed  with  a  specific  immune  serum  antigen.  This  reaction  is  called 
passive  (Indirect)  hemagglutination. 

In  19^6  A.T.  Kravchenko  and  M. I.  Sokolov  established  that  human 
erythrocytes  are  capable  of  adsorbing  specific  bacterial  polysacchar¬ 
ides,  which  can  then  be  detected  on  the  erythrocytes  with  the  aid  of 
the  agglutination  reaction  with  specific  serum.  We  have  used  this  prin¬ 
ciple  as  a  basis  for  developing  a  method  for  detecting  antigens  in  the 
environment  and  for  diagnosing  infectious  diseases. 

The  data  obtained  by  A.T.  Kravchenko  and  M. I.  Sokcxuv  have  been 

l 

confirmed  by  many  Soviet  and  foreign  researchers  and  are  used  for  diag¬ 
nosing  typhus,  intestinal  infections,  diphtheria,  plague,  tularemia, 
brucellosis,  streptococcal  infections,  leprosy,  pertussis,  glanders, 
gonorrhea,  and  other  infectious  diseases. 

The  mechanism  of  the  indirect  hemagglutination  reaction  has  not 
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been  sufficiently  well  studied.  A.T.  Kravchenko  and  M. I.  Sokolov  (19 46) 
showed  that  the  attachment  of  an  antigen  to  erythrocytes  is  an  adsorp¬ 
tive  process.  However,  a  number  of  authors  have  established  that  sensi¬ 
tization  is  an  active  process  at  a  temperature  of  37°  but  ceases  at 
temperatures  below  5°  #  which  does  not  correspond  to  normal  physical  ad¬ 
sorption,  in  which  the  extent  of  the  adsorption  is  inversely  propor¬ 
tional  to  the  temperature. 

It  has  been  proposed  that  the  receptors  of  erythrocytes  which  ad- 
sox*b  antigens  are  lipid  in  character.  Erythrocytes  are  note  sensitized 
u;.  polysaccharide  antigens  in  the  presence  of  cholesterol  and  lecithin, 
:  instances  which  adsorb  bacterial  polysaccharides  well  (Neter,  1953). 
Even  high  polysaccharide  concentrations,  however,  are  not  able  to  block 
all  the  erythrocyte  receptors.  This  is  shown  by  the  fact  that  it  is 
possible  to  sensitize  erythrocytes  with  several  successive  antigens  and 
by  the  fact  that  sensitized  erythrocytes  retain  their  specific  and 
group  characteristics.  Boyden  (1951)  distinguished  two  phases  in  the 
Indirect  hemagglutination  reaction:  l)  a  change  In  the  surface  proper¬ 
ties  of  the  erythrocytes  as  a  result  of  adsorption  of  the  antigen;  2) 
subsequent  adsorption  of  antibodies  on  the  sensitized  erythrocytes  and 
formation  of  conglomerates. 

Setting  up  the  indirect  hemagglutination  reaction 

1.  Preparation  of  erythrocytes.  Human  or  sheep  erythrocytes  are 
used  In  the  indirect  hemagglutination  reaction.  Blood  is  taken  from  a 
sheep  and  defibrinated  and  its  erythrocytes  are  drawn  off.  Freshly  pre¬ 
pared  erythrc cytes  or  cells  preserved  with  Alsever's  solution  can  be 
used  In  the  reaction. 

Alsever's  solution  consists  of  0.42  g  of  sodium  chloride,  0.8  g  of 
sodium  citrate,  2.05  g  of  dextrose,  and  distilled  water  to  make  100  ml. 

The  pH  is  brought  to  6.1  with  10%  citric  acid.  The  solution  is 
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sterilized  by  autoclaving.  A  total  of  1.2  volumes  of  sterile  Alsever's 
solution  is  added  to  one  volume  of  blood  taken  under  sterlla  conditions 
and  the  two  are  left  to  stand  for  3  days.  Such  erythrocytes  are  suita¬ 
ble  for  the  hemagglutination  reaction  for  2-3  weeks  if  they  are  stored 
at  4\ 

Freshly  prepared  erythrocytes  or  cells  preserved  with  Alsever's 
solution  are  washed  3-4  times  with  physiological  solution  in  a  centri¬ 
fuge  at  2000-3000  rpm.  The  washed  erythrocytes  can  be  kept  for  3  days 
at  4*. 

2.  Sensitization  of  erythrocytes  with  antigen.  The  methods  of  pre¬ 
paring  the  antigens  used  for  the  indirect  hemagglutination  reaction 
will  not  be  discussed  here,  since  they  differ  far  different  bacteria 
and  are  described  in  the  appropriate  sections  of  the  article  devoted 

to  this  topic. 

A  predetermined  volume  of  washed  sheep  erythrocytes  (from  0.1  to 
1  ml)  is  mixed  with  a  given  quantity  of  antigen.  For  example,  in  diag¬ 
nosing  tuberculosis  10  ml  of  an  extract  prepared  from  tuberculosis  bac¬ 
teria  is  mixed  with  0.5  ml  of  washed  sheep  erythrocytes  (after  Middle- 
brook  and  Dubois);  in  diagnosing  typhus  0.1  ml  of  washed  sheep  erythro¬ 
cytes  is  added  to  4  ml  of  antigen  (V.A.  Yablonskaya,  1959)* 

The  erythrocyte -antigen  mixture  is  usually  kept  in  a  heater  for 
1-2  hr.  The  mixture  is  periodically  agitated  to  improve  adsorption  of 
the  antigen  by  the  erythrocytes.  It  is  then  centrifuged,  being  washed 
as  many  as  2-3  times  wltn  physiological  solution  in  some  cases,  the  su¬ 
pernatant  is  discarded,  and  a  0.5-1#  suspension  is  madt  up  from  the 
residue  of  sensitized  erythrocytes.  Erythrocytes  prepared  in  this  man¬ 
ner  are  used  in  setting  up  the  indirect  hemagglutination  reaction.  They 
can  be  stored  at  4°  so  long  as  hemolysis  does  not  occur. 

3.  Preparation  of  sera  to  be  studied.  The  patient's  serum  is  di- 
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luted  by  a  factor  of  2-10;  1-2  drops  of  washed  sheep  erythrocytes  are 
then  added  to  each  milliliter  cf  dilute  serum  to  remove  nonspecific  an¬ 
tibodies.  The  mixture  is  left  to  stand  at  room  temperature  for  15-20 
min  and  then  centrifuged.  This  adsorption  procedure  Is  repeated  2  or  3 
times.  The  supernatant ,  which  Is  dilute  serum  free  of  nonspecific  hem¬ 
agglutinins,  Is  drawn  off  and  Inactivated  at  56°  for  30  min. 

This  serum  Is  then  diluted,  taking  Into  account  the  dilution  made 
before  the  erythrocytes  were  added.  In  diagnosing  tuberculosis  the  se¬ 
rum  is  diluted  by  factors  of  2,  4,  8,  16,  etc.,  while  in  diagnosing  ty- 
js  it  Is  diluted  by  factors  of  100,  200,  400,  800,  etc. 

Portions  of  0.4  ml  of  the  various  serum  dilutions  are  poured  into 
test-tubes.  In  diagnosing  tuberculosis  0.4  ml  of  a  0.5#  sensitized-ery- 
throcyte  suspension  is  added  to  each  tube,  while  in  diagnosing  typhus 
0.1  ml  of  a  1#  suspension  Is  added.  The  result  of  the  reaction  is  eval¬ 
uated  after  2  hr  at  35*  In  diagnosing  tuberculosis,  1:8  being  taken  as 
the  diagnostic  titre. 

In  diagnosing  typhus  the  tubes  are  placed  in  a  heater  at  30°  for 
16-18  hr,  1:1000  being  taken  as  the  diagnostic  titre,  although  lower 
i;erum  dilutions  (1:250-1:500)  cannot  be  regarded  as  nonspecific;  the 
blood  tests  must  be  repeated  in  the  latter  case  (V.A.  Yablonskaya, 

1959). 

The  reaction  is  accompanied  by  the  following  controls: 

1)  sensitized -erythrocyte  control;  0.4  ml  of  physiological  solution 
and  sensitized  erythrocytes  In  the  volume  used  In  the  basic  experiment; 

2)  0.4  ml  of  physiological  solution  ard  unsensltlzed  erythrocytes; 

3)  0.4  ml  of  the  serum  under  investigation  and  unsensitized  ery¬ 
throcytes.  The  reactions  in  all  the  controls  should  be  negative. 

It  is  thought  that  the  Indirect  hemagglutination  reaction  is  more 
sensitive  to  antibodies  than  the  agglutination  reaction  and  is  in  no 


way  Inferior  to  the  complement -fixation  reaction.  It  is  a  valuable  lab¬ 
oratory  diagnostic  method  for  nonpulmonary  forms  of  tuberculosis  (Ber- 
linger  and  Brodhage,  1953).  There  is  no  unanimity  of  opinion  regarding 
its  diagnostic  value  in  pulmonary  tuberculosis. 

;  In  a  number  of  other  infectious  diseases  (typhus)  the  hemagglutina¬ 
tion  reaction  is  equal  in  Its  diagnostic  value  to  the  complement -fixa¬ 
tion  reaction. 

Since  only  polysaccharides  of  various  types  can  be  used  as  the  an¬ 
tigen  in  the  reaction  described  above,  its  scope  is  limited.  Protein 
antigens  are  adsorbed  poorly  on  erythrocytes  and  thus  do  not  produce  a 
hemagglutination  reaction.  It  has  recently  been  discovered  that  treat¬ 
ment  of  erythrocytes  with  certain  substances  enables  them  to  adsorb  pro¬ 
teins  from  solution. 

Thus,  erythrocytes  treated  with  tannin  are  capable  cf  adsorbing 
protein  antigens  and  agglutinating  w lin  corresponding  immune  sera  (Boy- 
den).  Bidiazotized  benzidine  Is  also  ^sed  to  treat  erythrocytes. 

There  are  two  variants  of  the  indirect  hemagglutination  reaction 
with  tannin-treated  erythrocytes:  1}  to  detect  antibodies;  2)  to  detect 
antigens. 

Very  little  research  has  b».n  done  on  the  mechanism  of  the  indi¬ 
rect  hemagglutination  reaction  with  erythrocytes  treated  with  tarnin  or 
bidiazotized  benzidine. 

It  is  thought  (Stavitskiy  and  Arquil)  that  tannin  altex*s  the  phy¬ 
sicochemical  properties  and  structure  (anionic  permeability,  sedimen¬ 
tation  rate,  osmotic  resistance,  resistance  to  various  chemical  com¬ 
pounds,  shape,  and  surface  structure)  of  erythrocytes.  Dehydration  re¬ 
duces  their  stability  in  physiological  solution  (Boyden)  and  a  solution 
of  normal  rabbit  serum  is  consequently  used  as  the  stabiliser. 

Tannin -treated  erythrocytes  are  sensitized  with  homologous  antigen 
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In  order  to  detect  antibodies.  This  modification  of  the  Indirect  hemag¬ 
glutination  reaction  Is  known  In  the  literature  as  Boyden's  reaction. 

It  Is  used  to  detect  antitoxins  In  human  serum  during  Immunization  with 
diphtheria  toxoid  (Landy  et  al.,  Fisher),  antibodies  in  the  serum  of 
plague  patients  (Landy  and  Trapani,  Nell  and  Balthazar),  and  antibodies 
to  certain  viruses. 

Conduct  of  Boyden's  reaction 

1.  The  sheep  erythrocytes  are  prepared  In  the  same  manner  as  for 
the  Middleb rook -Dubois  reaction.  A  2.5#  suspension  is  prepared  from  the 
r:  >ldue  cf  washed  erythrocytes  (1  ml  of  the  erythrocyte  residue  and  39 
ml  of  physiological  solution). 

2.  Tannin  solution.  A  fresh  tannin  solution  Is  usually  prepared  In 
a  dilution  of  1:1000,  l.e.,  10  mg  in  10  ml  of  physiological  solution  at 
pH  *  7.2.  The  dilutions  necessary  for  the  experiment  (1:20,000  and 
1:100,000)  are  then  prepared  from  this  basic  dilution. 

3.  Buffer  solutions.  In  order  to  prepare  a  0. 15  M  NagHPO^  solution 
11.876  g  of  the  salt  is  added  to  1  liter  of  physiological  solution;  in 
order  to  prepare  a  0. 15  M  KHgPO^  solution  9*078  g  of  the  salt  is  added 
to  1  liter  of  physiological  solution. 

In  order  to  obtain  buffered  physiological  solution  at  pH  ■=  7*0 
61.1  ml  of  the  0.15  M  Na2P0^  solution  and  38.9  ml  of  the  0.15  M  KHgPO^ 
solution  are  mixed,  while  to  obtain  a  pH  of  6.4  53*4  ml  of  the  NagPO^ 
solution  and  186.6  ml  of  the  KHgPO^  solution  are  mixed. 

4.  Solution  of  normal  rabbit  serum.  Serum  from  fresh  rabbits  is 
Inactivated  for  30  min  at  56°  and  nonspecific  antibodies  are  removed  by 
adding  one  volume  of  the  washed -erythrocyte  residue  to  2  volumes  of  the 
inactivated  serum.  The  mixture  is  left  to  stand  at  room  temperature  for 
30  min  and  then  centrifuged;  the  serum  Is  drawn  off  and  diluted  to  1:100 
with  physiological  solution  before  use. 
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5*  Sensitization  of  erythrocytes  with  antigen.  The  erythrocyte 
suspension  (2.5$)  Is  mixed  with  an  equal  volume  of  tannin  In  a  dilution 
of  1:20, (XX)  and  held  for  10  min  at  37* ;  the  tannin  Is  then  carefully 
washed  off  and  the  erythrocytes  are  resuspended  In  the  solution  of  nor* 
mal  rabbit  serum  to  produce  a  2. 5#  suspension. 

One  volume  of  the  erythrocytes  is  combined  with  the  antigen  and 
4  volumes  of  the  buffered  physic  logical  solution  (pH  «■  6.4)  and  left  to 
stand  at  room  temperature  for  30  min.  The  erythrocytes  are  then  washed 
with  the  solution  of  rabbit  serum  and  resuspended  in  it  to  produce  a 
2.556  suspension. 

6.  Conduct  of  basic  experiment.  Before  use  the  serum  to  be  inves¬ 
tigated  is  inactivated  at  56*  for  30  min  and  adsorbed  on  the  sheep  ery¬ 
throcytes  (one  volume  of  the  2.556  erythrocyte  suspension  is  added  to 
one  volume  of  serum)  at  room  temperature  for  10  min. 

Various  serum  dilutions  (usually  progressing  in  twofold  steps)  are 
prepared  In  the  solution  of  normal  rabbit  serum  and  0.5  ml  portions  are 
ured  Into  test-tubes.  A  drop  of  the  2.5/6  suspension  of  antigen -sensi¬ 
tized  erythrocytes  is  added  to  each  tube.  The  mixture  is  kept  at  room 
temperature  and  the  results  are  evaluated  after  2  1/2-3  hr. 

The  following  controls  are  set  up: 

1)  the  least  dilution  of  the  serum  to  be  studied  and  the  tannin- 
treated  erythrocytes; 

2)  the  solution  of  rabbit  serum  and  the  sensitized  erythrocytes; 

3)  the  least  serum  dilution  and  erythrocytes  treated  with  antigen 
but  not  with  tannin. 

In  a  second  variant  of  the  Indirect  hemagglutination  reaction  the 
tannin-treated  erythrocytes  are  sensitized  with  immune  serum.  This  re¬ 
action  was  first  employed  by  T.  Rytsaya  to  detect  botulin  toxin  under 
experimental  conditions  and  is  called  Rytsaya’s  modification  of  the  in- 
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direct  hemagglutination  reaction. 

Conduct  of  Rytsaya's  reaction 

1.  Sheep  erythrocytes  prepared  by  the  method  described  above  are 
washed  with  physiological  solution  and  a  2.5#  suspension  is  prepared 
from  the  residue. 

2.  Tannin.  A  1:20,000  tannin  solution  in  physiological  solution  is 
prepared  immediately  before  the  experiment  from  the  initial  0.1#  solu¬ 
tion,  which  can  be  made  up  beforehand  (10  mg  in  10  ml)  and  stored  in  a 
refrigerator  for  several  days. 

3.  Antibody.  Antitoxic  sera  purified  by  the  "diatherm-3’'  method 
or  by  combined  dialysis  are  suitable  for  this  reaction,  regardless  of 
their  antitoxic  tit re.  Since  not  all  series  of  serum  yield  a  positive 
reaction  with  toxin,  suitable  series  must  be  selected  in  preliminary 
experiments  with  known  toxins.  Native  antitoxic  sera  usually  give  a 
negative  result,  even  in  high  titre,  and  are  consequently  unsuitable 
for  the  indirect  agglutination  reaction.  This  is  apparently  the  result 
of  the  presence  of  albumin,  which  (according  to  Neter  et  al.)  has  an 
inhibitory  effect  on  the  indirect  agglutination  reaction. 

4.  Solution  of  normal  rabbit  serum.  Fresh  normal  rabbit  serum  is 
inactivated  at  5 6"  for  30  min.  The  inactivated  serum  is  adsorbed  on 
sheep  erythrocytes  for  30  min  at  room  temperature.  A  total  of  0.5  ml  of 
the  erythrocytes  is  added  to  1  ml  of  serum  and  the  mixture  is  left  to 
stand  at  room  temperature  for  30  min.  After  centrifuging  the  serum  is 
diluted  to  1:100  in  phosphate -buffered  physiological  solution  at  pH  7*0. 

The  solution  of  normal  rabbit  serum  prevents  agglutination  of  the 
erythrocytes  after  they  are  treated  with  tannin. 

5.  Antigens.  If  the  presence  of  an  antigen  in  blood  serum  is  to  be 
established  the  serum  is  first  inactivated  at  56°  for  30  min  and  then 
diluted  with  a  solution  of  normal  rabbit  serum  prepared  as  described 
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above.  Antigens  capable  of  agglutinating  on  sensitized  sheep  erythro- 
cytes  (certain  toxins  and  plant  proteins)  are  adsorbed  on  erythrocytes 
at  room  temperature  for  10  min  (3  drops  of  the  washed -erythrocyte  resi¬ 
due  are  added  to  1  ml  of  extract). 

A  total  of  1  ml  of  a  1:20,000  tannin  solution  is  added  to  a  test- 
tube  containing  1  ml  of  a  2.5$  sheep-erythrocyte  suspension  prepared  as 
described  in  Paragraph  1.  The  tube  is  shaken  and  placed  in  a  water  bath 
at  37*  for  10  rain.  The  erythrocytes  are  then  centrifuged,  washed  once 
with  physiological  solution  at  pH  «  7.2,  and  suspended  in  1  ml  of  phy¬ 
siological  solution. 

In  crder  to  sensitize  the  tannin-treated  erythrocytes  to  antibod¬ 
ies  3  nil  of  immune  serum  diluted  to  1:10  with  physiological  solution  at 
pH  -  6.4  is  added  to  a  te3t-tube  containing  0.1  ml  of  the  tanninized 
erythrocytes.  The  tube  is  shaken  and  held  at  a  temperature  of  37°  for 
1  hr.  The  erythrocytes  are  then  centrifuged,  washed  twice  with  a  solu¬ 
tion  of  normal  rabbit  serum  (1:100),  and  suspended  in  5  ml  of  the  same 
solution. 

6.  Conduct  of  the  basic  experiment.  Successive  two-fold  dilutions 
of  the  antigen  are  prepared  in  phosphate -buffered  physiological  solu¬ 
tion  (pH  7*0)  containing  normal  rabbit  serum  (1:250). 

Portions  of  0.1  ml  of  the  antibody -sensitized  erythrocytes  are 
added  to  te3t-tubes  containing  0.5  ml  of  various  dilutions  of  the  anti¬ 
gen  under  investigation.  The  following  controls  are  set  up: 

1)  the  antigen  and  tannin-treated  unsensitized  erythrocytes; 

2)  the  solution  of  normal  rabbit  serum  (1:250)  and  the  tannin- 
treated  sensitized  erythrocytes; 

3)  the  solution  of  normal  rabbit  serum  (1:250)  and  tannin -treated 
unsensitized  erythrocytes. 

After  the  erythrocytes  have  been  added  all  the  test-tubes  are  sha- 
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ken  and  left  to  stand  at  room  temperature  or  kept  in  a  heater  at  37* 
for  1  hr.  The  results  are  evaluated  after  2-3  hr. 

The  reaction  Is  evaluated  on  the  following  three-plus  scale: 

+++)  distinct  unbrella-like  aggregation  of  erythrocytes,  partially 
displaced; 

++)  umbrella -like  aggregation  near  bottom  of  test-tube; 

+)  red  ring  around  edge  of  umbrella-like  aggregation; 

-)  compact  red  disk  or  distinct  red  ring. 

Rytsaya's  hemagglutination  reaction  is  recommended  by  certain  re¬ 
searchers  for  detecting  botulin  toxins,  but  it  has  not  come  into  wide 
practical  use.  According  to  the  data  of  T.I.  Bulatova,  it  has  a  number 
of  drawbacks  in  the  detection  of  botulin  toxins  (see  the  section  en¬ 
titled  "Botulism"). 

Neutralization  Reaction 

It  is  well  known  that  a  toxin  mixed  with  homologous  antitoxic  se¬ 
rum  does  not  have  a  toxic  action  on  the  body.  It  was  previously  thought 
that  when  an  antitoxin  was  mixed  with  homologous  toxin  the  latter  was 
decomposed.  However,  data  have  now  been  amassed  which  indicate  that  a 
toxin  mixed  with  antitoxin  is  not  broken  down,  but  only  neutralized 
(rendered  harmless). 

The  compound  formed  by  the  toxin  and  antitoxin  may  dissociate. 

Toxin -antitoxin  mixtures  can  be  separated  by  filtration:  since  the  tox¬ 
in  molecules  are  smaller  than  those  of  the  antitoxin,  gelatin  filters, 
which  pass  only  the  toxin,  can  be  used.  The  antitoxin  is  thus  separated 
from  the  toxin. 

When  a  mixture  of  snake  venom  and  the  corresponding  antitoxin  is 
heated  to  68°  the  thermolabile  antitoxin  is  decomposed,  while  the  therm¬ 
ostable  toxin  remains  intact.  A  neutral  or  even  hyperneutral  mixture  of 
snake  venom  and  homologous  antitoxin  can  be  separated  by  adding  hydro- 
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chloric  acid. 

It  Is  also  known  that  a  mixture  of  tetanus  toxin  and  antitoxin 
neutral  for  healthy  guinea  pigs  kills  animals  whose  resistance  has  been 
reduced  by  certain  Infections  and  that  a  mixture  neutral  for  mice  Is 
toxic  for  guinea  pigs.  If  the  toxin  has  been  broken  down  a  mixture  neu¬ 
tral  for  one  animal  cannot  be  toxic  for  another. 

A  toxin-antitoxin  mixture  may  be  either  toxic  or  antitoxic,  depend¬ 
ing  on  which  component  is  present  in  excess. 

r  A  neutral  toxin -antitoxin  compound  is  obtained  only  when  the  re¬ 
agents  are  mixed  in  definite  proportions.  If  toxin  is  added  to  an  anti¬ 
toxin  in  a  quantity  sufficient  to  produce  a  neutral  mixture  neutraliza¬ 
tion  occurs  only  if  all  the  toxin  is  added  at  once.  If  the  same  quantity 
of  toxin  is  added  in  individual  portions,  with  an  interval  between  one 
portion  and  the  next,  the  mixture  remains  toxic  (Danish's  phenomenon). 
Danish  felt  that  his  observations  proved  that  a  toxin  can  combine  with 
its  antitoxin  in  varying  proportions. 

The  toxicity  of  the  mixture  formed  during  gradual  addition  of  toxin 
to  an  antitoxin  in  equivalent  proportions  does  not  remain  constant. 

When  the  mixture  is  permitted  to  stand  the  toxin -antitoxin  complex  dis¬ 
sociates,  its  toxicity  thus  gradually  decreases,  and  the  mixture  be¬ 
comes  neutral,  since  dissociation  liberates  antitoxin,  which  combine;; 
with  the  remaining  free  toxin  groups. 

The  toxin -antitoxin  reaction  is  strictly  specific,  with  rare  ex¬ 
ceptions  (e.g. ,  as  a  result  of  the  common  antigens  of  botulin  toxins 
types  C  and  D).  Tetanus  toxin  is  neutralized  only  by  antiteta.ius  serum, 
botulin  type  A  toxin  is  neutralized  only  by  antlbotulin  type  A  serum, 
and  diphtheria  toxin  is  neutralized  only  by  antidiphtheria  serum.  This 
enables  us  to  use  the  neutralization  reaction  for  diagnostic  purposes 
and  for  identifying  the  toxins  of  the  causative  agents  of  various  in- 
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fectlous  diseases. 

The  neutralization  reaction  requires  a  typologically  specific  di¬ 
agnostic  antitoxic  serum  for  each  species  and  type  of  toxin.  Therapeu¬ 
tic  sera  may  often  contain  natural  antibodies  and  the  process  by  which 
they  are  prepared  does  not  provide  for  strict  typological  specificity. 
For  example,  botulin  therapeutic  serum  type  A  often  contains,  albeit  in 
low  titre,  type  B  antitoxin. 

The  following  basic  principle  is  observed  in  setting  up  the  neu¬ 
tralization  reaction:  two  animals  are  injected  with  identical  quanti¬ 
ties  of  the  material  suspected  of  containing  toxin,  but  one  is  given 
material  to  which  antitoxic  serum  has  been  added  to  neutralize  the  tox¬ 
in,  while  the  other  receives  material  mixed  with  physiological  solution 
instead  of  serum. 

In  order  to  neutralize  the  toxin-an  excess  of  antitoxin  is  always 
added  to  the  extract  or  filtrate  under  investigation,  so  that  one  al¬ 
ways  has  a  mixture  known  to  be  neutral  in  comparison  with  the  control, 
to  which  physiological  solution  instead  of  serum  is  added.  For  example, 
when  botulism  is  suspected  0.8  ml  of  extract  and  0.2  ml  of  diagnostic 
serum  containing  1000  units  per  ml  are  used  in  the  neutralization  reac¬ 
tion.  Consequently,  0.2  ml  of  the  serum  contains  200  units,  which  neu¬ 
tralize  20,000  toxin  doses  or  more  in  mice;  dosages  of  this  size  are 
virtually  never  encountered  in  the  laboratory  examination  of  small 
quantities  of  extracts  from  various  foodstuffs,  cadaver  organs,  or  hu¬ 
man  excreta  suspected  of  containing  botulin  toxin.  When  carrying  out 
the  neutralization  reaction  with  highly  toxic  filtrates  (of  pure  cul¬ 
tures),  in  which  the  toxin  content  per  ml  of  culture  fluid  may  be  very 
high,  the  filtrates  must  be  diluted  by  factors  of  10,  100,  1000,  or 
more  before  the  reaction  is  set  up. 
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Setting  up  the  neutralization  reaction 

Portions  of  2.4  ml  of  the  material  to  be  studied  (extracts  of 
foodstuffs ,  organs,  or  human  excreta  or  culture  fluids)  are  poured  Into 
test-tubes,  calculating  0.8  ml  per  mouse.  When  sufficient  material  Is 
not  available  the  portions  can  be  reduced  to  1.8  or  1.5  ml.  The  number 
of  tubes  corresponds  to  the  number  of  diagnostic  sera  with  which  the 
material  Is  to  be  tested,  one  tube  being  used  as  a  control;  physiologi¬ 
cal  solution  is  added  to  the  latter  Instead  of  serum. 

Diagnostic  serum  is  then  added  to  the  material  in  a  volume  of  0.6 
ml  (0.2  ml  for  each  mouse).  A  sterile  pipette  must  be  used  for  each  se¬ 
rum,  In  order  to  avoid  transferring  the  antitoxin.  A  total  of  0.6  ml  of 
physiological  solution  is  added  to  the  control  tube.  The  mixture  is 
thoroughly  shaken,  held  at  room  temperature  for  30-45  min,  and  admin¬ 
istered  intravenously,  subcutaneously,  or  intraperitoneally  to  the  mice 
In  doses  of  1  ml,  depending  on  the  nature  of  the  material.  When  tetanus 
is  suspected  the  material  is  administered  subcutaneously,  while  when 
botulism  is  suspected  it  is  administered  intravenously,  intraperitoneal¬ 
ly,  or  subcutaneously.  Individual  sterial  syringes  are  used  far  taking 
samples  from  each  test-tube,  in  order  to  avoid  carrying  toxin  and  serum 
from  one  tube  to  another. 

Other  ratios  of  material  to  serum,  e.g.,  0.5  ml  of  extract  and 
0.5  ml  of  serum,  etc.,  can  be  used  in  the  experiment.  However,  the  fol¬ 
lowing  principle  must  always  be  observed:  all  the  animals  received  the 
same  quantity  of  material,  both  mixed  with  serum  and  with  physiological 
solution  as  a  control. 

The  neutralization  reaction  is  evaluated  as  soon  as  the  control 
mice  die.  Mice  which  survive  after  the  controls  have  died  indicate  that 
the  sample  contains  toxin  corresponding  to  the  serum  mixed  with  the  ma¬ 
terial  under  study  and  administered  to  these  mice.  The  reaction  is  not 
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evaluated  when  the  control  mice  survive.  If  all  the  mice  die  It  can  be 
assumed  that  the  sample  contains  a  mixture  of  several  (at  least  two) 
toxins.  In  this  case  it  Is  necessary  to  dilute  the  material  by  factors 
of  2,  5,  10,  and  100  In  order  to  dilute  one  of  the  toxins,  assuming 
that  It  will  not  cause  death  at  these  dilutions,  while  the  other  toxin 
retains  Its  toxicity.  Such  phenomena  are  usually  encountered  In  Inves¬ 
tigating  culture  fluids  and  cultures  prepared  from  the  patient's  Intes¬ 
tinal  contents  or  excreta,  the  soli,  sewage,  etc. 

When  the  material  contains  several  toxins  neutralized  by  polyvalent 
O',  ulin  serum  types  A,  B,  C,  and  E  but  not  neutrallzable  separately  2-3 
or  more  sera  can  be  mixed  for  use  In  the  neutralization  reaction.  In 
this  case  a  mixture  of  two  botulln  toxins  Is  probably  present  in  the 
extract.  For  example,  if  the  extract  contains  A  and  C  toxins  the  neu¬ 
tralization  reaction  Is  negative  for  each  Individual  botulln  serum.  The 
toxins  present  in  the  material  can  be  determined  only  by  conducting  the 
reaction  with  bivalent  sera  (A  +  B,  A  +  C,  A  +  E,  B  +  C,  B  +  E,  and 
C  +  E). 

The  neutralization  reaction  can  also  be  used  in  Investigating  cer¬ 
tain  environmental  objects  for  pathogenic  bacteria  capable  of  producing 
toxins  (In  testing  soli  for  Cl.  tetani  and  Cl.  perfringens).  The  anti¬ 
toxic  serum  Is  mixed  with  the  soil  extract  and  administered  to  mice. 

The  serum  Is  neutralized  by  the  toxin  formed  In  the  animal's  body  when 
the  soli  contains  the  bacteria  In  question.  In  this  case  control  mice 
given  soil  extract  and  physiological  solution  die  as  a  result  of  toxin 
formation. 

The  neutralization  reaction  is  a  reliable  method  for  laboratory 
diagnosis.  Despite  the  fact  that  It  Is  inferior  to  some  reactions  with 
respect  to  sensitivity  and  the  rapidity  with  which  results  are  obtained. 
It  is  still  a  reliable  method  and  is  consequently  used  as  a  control  for 
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other  reactions  (the  precipitation  reaction,  phagocytosis-suppression 

reaction.  Indirect  hemagglutination  reaction  in  botulism,  etc.)* 

USE  OP  LABORATORY  ANIMALS  FOR  INDICATING  PATHOGENIC  BACTERIA  AND  DIAG¬ 
NOSING  INFECTIOUS  DISEASES 

r*«f.  H. I.  Matveyev  and  T.I.  Bulatova,  Candidate  of  Medical  Sciences 

Various  laboratory  animals  are  widely  used  for  indicating  and  diag 
nosing  infectious  diseases.  Bacterial  can  be  permitted  to  accumulate  in 
the  bodies  of  such  animals  in  order  to  accelerate  the  investigation. 

Environmental  material  suspected  of  containing  pathogenic  bacteria 
and  their  toxins  is  shaken  in  physiological  solution  and  then  filtered 
through  membrane  or  talc  filters  in  order  to  concentrate  the  bacteria 
and  toxins.  Sensitive  animals  are  inoculated  with  the  material  washed 
from  the  filter.  Such  investigations  are  conducted  with  mice  to  detect 
botulin  toxins,  the  causative  agents  of  plague,  tularemia,  and  anthrax, 
and  other  bacteria,  yielding  good  results. 

Biological  testing  in  animals  is  a  very  valuable  and  reliable  di¬ 
agnostic  method  for  isolating  pathogenic  bacteria  from  the  body,  espec¬ 
ially  when  accompanied  by  a  control  involving  immune  sera  (the  neutral¬ 
ization  reaction);  it  sometimes  yields  a  characteristic  clinical  pat¬ 
tern  in  the  inoculated  animal  (tetanus). 

Only  certain  species  of  animals  are,  however,  suitable  for  these 
purposes.  According  to  A.  Metelkin,  rabbits  are  used  in  staphyloccj, al, 
streptococcal,  pneumococcal,  and  meningococcal  (of  rabbits)  infections, 
tuberculosis  (bovine  type),  anthrax,  tetanus,  gae  gangrene,  botulism, 
and  other  diseases,  guinea  pigs  in  tuberculosis  (human  -ype),  dipnther- 
ia,  glanders,  plague,  brucellosis,  pseudotuberculosis,  tularemia,  cho¬ 
lera,  salmonellosis,  listerellosis,  anthrax,  melioidosis,  tetanus,  gas 
gangrene,  botulism,  etc.,  mice  in  pneumococcal  and  dlplocc-cal  infec¬ 
tions,  anthrax,  pasteurellosis,  listerellosis,  tularemia,  melioidosis. 
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botulism,  tetanus,  gas  gangrene,  pertussis,  etc.,  white  rats  in  tuber¬ 
culosis  (bovine  type)  ,  melioidosis,  and  other  infections,  monkeys  in 
dysentery,  tuberculosis,  llsterellosis,  melioidosis,  cerebrospinal  men¬ 
ingitis,  pertussis,  typhoid  fever,  etc.,  cats  in  amebic  dysentery, 
staphylococcal  infections,  glanders,  pertussis,  etc.,  and  birds  in  tu¬ 
berculosis  (avian  type),  avian  pasteurellosis,  rhinoscleroma  (of  chick¬ 
ens),  etc. 

Rabbits  are  used  for  producing  Immune  diagnostic  sera,  most  com¬ 
monly  agglutinative  and  precipitative.  The  safety  of  vaccines,  sera, 
ar.c"  other  preparations  is  tested  on  laboratory  animals.  Animals  are  al¬ 
so  used  for  testing  the  protective  properties  of  sera  and  the  effective¬ 
ness  of  vaccines,  as  donors  of  blood  used  for  preparing  nutritive  media 
(blood  agar),  and  for  producing  complement  (guinea  pigs). 

Preparation  of  Animals  for  Experimentation 

It  is  recommended  that  the  animals  be  obtained  from  a  single  breed¬ 
ing  farm,  which  is  kept  under  constant  veterinary  observation.  Animals 
cf  the  same  strain  should  be  used  for  experimentation.  The  animals  must 
be  quarantined  in  a  special  room  before  the  experiment  is  performed. 

Animals  of  the  requisite  breed,  of  approximately  identical  weight, 
and  of  the  same  sex  are  selected  for  experimentation.  They  are  kept  In 
cages,  one  (mature  monkeys,  dog,  rabbits),  2-3  (younger  snlmals  of  these 
species),  5-6  (guinea  pigs),  8-10  (rats),  or  15-20  (mice)  individuals 
to  a  cage.  Each  cage  should  contain  animals  of  the  same  age  and  sex, 
which  is  important  for  proper  care  and  for  preventing  pregnancy. 

Before  receiving  animals  the  cages  are  washed  and  disinfected  and 
a  slip  indicating  the  number  of  the  experiment,  the  date  on  which  it 
was  begun,  the  researcher's  surname,  and  other  necessary  information  is 
placed  in  each  cage. 

The  following  rules  must  be  observed  in  conducting  experiments: 
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animals  cannot  be  moved  from  one  cage  to  another,  they  should  be  trans¬ 
ported  from  the  vivarium  to  the  laboratory  and  back  In  special  disin¬ 
fected  boxes,  and  only  animals  from  the  same  cage  should  be  placed  in 
the  same  box. 

If  the  experimental  animals  are  to  be  Inoculated  with  especially 
dangerous  bacteria  they  are  kept  In  an  Isolated  room.  The  Inoculation 
department  should  have  separate  rooms  for  the  researchers  to  don  and 
remove  their  special  protective  clothing,  for  inoculation  and  dissec¬ 
tion  of  animals,  for  keeping  Inoculated  animals,  and  for  rendering  In¬ 
fectious  material  harmless.  No  work  with  Infectious  materials  should  be 
carried  out  In  the  dressing  room.  This  room  Is  intended  solely  for  don¬ 
ning  protective  clothing  for  working  with  infectious  materials.  After 
such  work  has  been  completed  the  protective  clothing  is  removed  in  the 
undressing  room  and  washed  in  a  disinfectant  solution. 

Animals  inoculated  with  especially  dangerous  bacteria  are  kept  in 
metal  cages,  while  mice  are  kept  in  glass  Jars  with  metal  cases.  The 
Jars  containing  the  inoculated  animals  are  placed  on  shelves  in  a  room 
intended  solely  for  this  purpose.  The  shelves  are  covered  with  gauze 
wetted  in  a  disinfectant  solution.  Litter  from  the  inoculated  animals 
and  cadavers  are  burnt  in  a  special  furnace. 

The  laboratory  cages  in  each  vivarium  are  regularly  (approximately 
once  a  week)  disinfected  or  autoclaved.  The  water  dishes  and  feeders 
are  washed  and  boiled  dally. 

Proper  care  of  the  experimental  animals  in  the  vivai-xum  is  of 
great  importance  in  the  outcome  of  the  experiment.  Incorrect  feeding  or 
failure  to  observe  hygienic  measures  in  caring  for  the  animals  causes 
them  to  weaken  and  increases  their  sensitivity  to  various  spontaneous 
infections.  Such  infections  develop  during  experimentation  and  may  dis¬ 
tort  the  results. 
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Weighing.  Ordinary  scales  can  be  used  to  weigh  the  animals.  The 
subject  Is  placed  In  a  plywood  box  or  cardboard  carton.  Mice  are  best 


weighed  on  postal  or  pharmaceutical  scales. 

Measurement  of  temperature.  In  the  majority  of  cases  the  body  tem¬ 
perature  of  the  experimental  animals  must  be  measured.  A  small  mercury 
thermometer  or  a  medical  maximum  thermometer  is  usually  used  for  this 
purpose.  For  precise  temperature  measurement  the  thermometer  must  be  In¬ 
serted  Into  the  rectal  lumen  to  a  depth  constant  for  the  species  of  ani¬ 
mal  In  question.  It  Is  inserted  to  3*5  cm  for  guinea  pigs  and  rabbits 
an.4  to  3-4  cm  for  dogs.  To  aid  in  observing  this  rule  an  index  mark 
consisting  of  a  ring  cut  from  a  piece  of  rubber  tube  is  placed  over  the 
glass  stem  above  the  mercury  bulb.  Before  and  after  use  the  thermometer 
must  be  disinfected  with  10#  lysol  or  denatured  alcohol,  dried  with 
cotton,  and  shaken  and  the  mercury  bulb  should  be  smeared  with  vaseline. 
The  animal's  temperature  must  always  be  taken  under  identical  condi¬ 
tions,  with  the  same  thermometer  and  for  a  predetermined  period  (3-5 
min). 

In  order  to  take  a  guinea  pig's  temperature  it  Is  held  In  the  left 
hand,  belly  up,  and  slight  pressure  Is  exerted  on  the  Inguinal  region 
with  the  Index  finger.  The  thermometer  is  then  inserted,  being  held  al¬ 
most  vertically  at  first  and  then  moved  to  a  horizontal  position.  If 
the  thennometer  strikes  an  obstacle  it  should  be  carefully  rotated  to 
move  it  further  Into  the  rectum,  but  force  should  not  be  used,  since 
this  might  damage  the  Intestine. 

To  take  a  rabbit's  temperature  the  animal  is  Immobilized  with  a 
towel  fastened  around  its  knees,  so  that  Its  head  rests  on  the  wrist 
of  one  hand.  This  hand  is  used  to  raise  the  tail,  while  the  other  in¬ 
serts  the  thennometer  Into  the  rectum. 

Marking  the  animals.  Numbered  metal  plates  fastened  to  the  ears 
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are  used  for  rabbits  and  guinea  pigs.  The  outer  surface  of  the  ear  is 
quickly  pierced  with  the  sharp  ends  of  the  clip  and  they  are  bent  in¬ 
ward  over  the  inner  surface.  Such  plates  can  be  cut  from  thin  tin  plate 
and  numbered  with  special  punches  or  by  writing  on  them  with  a  slender 
rod  and  ink  consisting  of  10  ml  of  saturated  copper  sulfate  and  2  ml  of 
concentrated  hydrochloric  acid.  The  ink  is  immediately  blotted  with 
filter  paper. 

The  ears  of  rabbits  and  guinea  pigs  are  occasionally  numbered  with 
special  tatoolng  forceps.  There  is  also  a  quite  simple ,  convenient  meth¬ 
od  for  numbering  guinea  pigs,  which  has  cone  into  rather  wide  use.  The 
outline  of  the  guinea  pig  is  drawn  in  a  notebook  with  the  aid  of  a  pre¬ 
viously  prepared  template  (usually  a  silhouette  cut  from  cardboard)  and 
spot s  of  various  colors  are  placed  on  it  to  correspond  to  those  present 
on  the  animal's  coat,  as  seen  in  top  view. 

Mice  and  rats  are  marked  by  staining  the  coat  with  various  dyes. 

A  0.5#  carbol  fuchsin  solution,  aqueous  picric  acid,  alcoholic  brilli¬ 
ant  green,  etc.,  are  most  commonly  employed.  The  animals  must  be  marked 
with  dyes  of  different  colors,  which  represent  different  numbers  (for 
example,  fuchsin  arbitrarily  represents  units  and  picric  acid  tens), 
in  accordance  with  a  predetermined  scheme.  The  site  of  the  fuchsin  spot 
represents  the  following  arbitrary  numbers:  on  the  left  front  paw  -  No. 
1,  on  the  left  side  -  No.  2,  on  the  left  hind  paw  -  No.  3>  on  the  head  - 
No.  4,  on  the  back  —  No.  5*  at  the  base  of  the  tail  -  No.  6,  on  the  * 

right  front  paw  -  No.  7 ,  on  the  right  side  -  No.  8,  and  on  the  right 
hind  paw  —  No.  9.  Staining  the  same  site  yellow  with  picric  acid  repre¬ 
sents  Nos.  10,  20,  30,  40,  50,  60,  70,  80,  and  90  respectively.  Thus, 
for  example,  if  the  left  side  is  stained  yellow  and  the  head  red,  the 
animal  is  No.  24,  etc. 

For  individual  marking  of  birds  (chickens,  pigeons,  or  ducks)  an 


aluminum  Ping  bearing  the  sequential  number  is  applied  to  the  right 
foot  or  a  metal  number  is  attached  by  piercing  the  wing  membrane. 

Dogs  are  usually  numbered  by  attaching  a  metal  tag  to  the  collar. 

In  monkeys  the  sequential  number  is  tatooed  on  the  inside  of  the 
upper  third  of  the  thigh. 

Removal  of  hair.  When  an  animal  is  to  be  given  Infectious  material 
it  is  sometimes  necessary  to  remove  the  coat  from  its  skin.  For  labo¬ 
ratory  animals  this  is  often  done  with  a  razor.  A  depilatory  consisting 
of  7  parts  of  talc,  7  parts  of  white  flour,  1  part  of  soap  powder,  and 
i  parts  of  sodium  sulfite  paste  is  sometimes  used.  It  is  mixed  with  wa¬ 
ter-  to  obtain  an  ointment  before  application.  The  animal's  coat  is 
clipped,  the  skin  is  smeared  with  a  thick  layer  of  the  depilatory,  and 
it  is  gently  rubbed  in  (rubber  gloves  must  be  worn).  After  a  few  min¬ 
utes  the  hair  is  cleaned  away  from  the  skin  and  the  latter  is  washed 
with  warm  water,  dried,  and  smeared  with  vaseline.  Injections  can  be 
given  or  other  manipulations  performed  in  this  area  after  1-2  days. 

Immobilization  of  animals.  Before  administration  of  the  material 
under  investigation  the  animal  must  be  lnsnoblllzed,  so  that  it  cannot 
move  and  the  experimentor  can  conveniently  give  injections  or  perform 
other  manipulations. 

Rabbits,  guinea  pigs,  rats,  and  mice  can  be  fastened  to  boards  or 
tables  with  short  legs.  Special  boards  and  restraining  devices  of  this 
type  are  usually  employed  when  prolonged  immobilization  is  necessary. 

Simpler  techniques  are  generally  used.  For  intravenous  injections 
rabbits  are  conveniently  wrapped  in  a  towel  or  an  old  set  of  coveralls, 
first  flexing  the  legs  on  the  abdomen;  the  animal's  head  should  remain 
free.  A  rabbit  can  also  be  immobilized  by  sitting  it  on  a  table  and 
holding  the  skin  of  its  back.  In  taking  blood  from  a  vein  or  injecting 
material  into  a  vein  or  the  eyes  It  is  convenient  to  use  the  special 


rabbit  boxes  designed  by  0.0.  Birger. 

These  boxes  are  made  of  wood  and  are  40  cm  long,  15  cm  wide,  and 
15  cm  deep.  They  consist  of  two  sections,  lower  and  upper,  the  latter 
being  a  lid;  the  lower  seotlon  Is  9  cm  deep  and  the  upper  section  7  cm 
deep.  A  round  cut-out  2.5-3  cm  In  radius  Is  made  In  the  square  slue 
wall  of  the  box  for  the  rabbit's  neck.  Within  the  box,  on  the  side  op¬ 
posite  the  cut-out.  Is  a  movable  plywood  wall,  which  makes  It  possible 
to  vary  the  length  of  the  box  to  correspond  to  the  rabbit's  size. 

Blocks  of  different  thicknesses  are  occasionally  used  Instead  of  the 
movable  plywood  wall.  The  box  Is  opened,  the  rabbit  Is  placed  In  It 
with  Its  head  toward  the  cut-out,  the  movable  plywood  wall  (or  block) 

Is  moved  to  a  point  determined  by  the  rabbit's  size,  the  lid  Is  closed, 
and  the  catch  Is  fastened,  the  animal's  head  remaining  outside. 

Guinea  pigs  are  usually  Immobilized  In  an  assistant's  hands.  It 
should  be  kept  In  mind  that  the  front  paws  must  be  held  carefully,  so 
as  not  to  suffocate  the  animal. 

Mice  are  Immobilized  by  various  methods.  An  assistant  usually 
takes  the  mouse  by  the  tall  In  his  right  hand,  brings  It  to  the  table, 
and,  still  holding  It  by  the  tail,  permits  It  to  move  forward.  When  the 
mouse  Is  stretched  out  the  skin  on  the  back  of  the  head  is  grasped  with 
the  middle  and  Index  fingers  of  the  left  hand  and  the  animal  is  raised, 
slightly  extending  it.  For  Intravenous  Injections  an  assistant  grasps 
the  mouse  by  the  skin  of  the  back  of  the  head  and  the  base  of  the  tail, 
the  experlmentor  holding  the  tail.  For  lntra peritoneal  Injections  the 
assistant  holds  the  mouse  with  Its  head  down,  by  the  tip  of  the  tail 
and  the  skin  of  the  back  of  the  head,  turning  its  abdomen  towards  the 
experlmentor. 

Intraperitoneal  Inoculation  of  mice  can  easily  be  carried  out  by 
one  person  if  the  following  Immobilization  method  is  used.  The  mouse's 
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tall  Is  grasped  In  the  right  hand,  while  the  left  hand  holds  the  skin 
on  the  back  of  the  head  In  the  manner  described  above.  The  left  hand  Is 
then  turned  palm  up,  the  mouse  Is  extended,  and  Its  tall  and  left  hind 
paw  are  grasped  between  the  palm  and  the  3rd,  4th,  and  5th  fingers.  This 
leaves  the  right  hand  free  to  give  the  Injection. 

Mice  can  also  be  given  Intravenous  Injections  without  an  assistant. 
The  mouse  Is  placed  In  a  box  with  a  hole  for  Its  tall  or  the  skin  on  the 
back  of  the  head  Is  grasped  with  a  Pean  forceps  and  the  animal  Is  then 
placed  In  a  glass  Jar  head  down. 

Rats  are  usually  Immobilized  with  srrgical  forceps,  stretching 
them  out  on  a  table;  the  skin  on  the  back  of  the  head  Is  grasped  with 
one  pair  of  forceps  and  the  base  of  the  tall  with  another. 

Various  Methods  for  Administering  Material  to  Animals 

Subcutaneous  Injection.  Subcutaneous  Injections  of  Infectious  ma¬ 
terial  are  most  frequently  given  beneath  the  skin  of  the  back  or  some 
other  portion  of  the  body  for  rabbits,  beneath  the  skin  of  the  abdomen 
or  side  for  guinea  pigs,  and  beneath  the  skin  of  the  back  or  the  back 
of  the  head  for  rats  and  mice.  In  subcutaneous  Injections  the  sklr.  Is 
lifted  with  two  fingers  of  the  left  hand  and  the  right  hand  inserts  the 
needle  Into  the  fold  thus  formed.  In  order  to  keep  the  material  from 
escaping  once  It  has  been  administered  the  needle  Is  moved  to  the  side 
after  puncturing  the  skin  and  inserted  half-way  and  the  material  Is 
Injected  slowly.  After  the  injection  has  been  completed  the  fold  of 
skin  Is  released,  a  cotton  pad  wetted  with  disinfectant  Is  applied  to 
the  needle,  and  the  latter  Is  rapidly  withdrawn.  If  the  injected  fluid 
begins  to  seep  out  through  the  puncture  in  the  skin  it  is  necessary  to 
press  a  piece  of  sterile  cotton  against  the  puncture  or  to  seal  it  with 
collodion. 


For  lntracutaneous  Injections  it  is  necessary  to  remove  all  the 
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hair  from  the  Injection  site  and  rub  the  skin  with  alcohol.  The  Injec¬ 
tion  Is  given  with  a  fine  needle  (No.  18-20),  which  Is  Introduced  Into 
the  skin  at  a  very  acute  angle.  The  tip  of  the  needle  should  be  visible 
through  the  epidermis  and  the  epidermal  layer  should  be  raised  to  form 
a  blister  at  the  surface  ("lemon  pip')  when  the  fluid  Is  Injected  (us¬ 
ually  in  a  volume  of  0.1  ml).  Intracutaneous  administration  Is  also  car¬ 
ried  out  by  the  scarification  method.  An  area  of  skin  on  the  back  as 
Inaccessible  to  the  animal  as  possible  is  freed  of  hair  ,  thoroughly 
rubbed  with  alcohol,  and  wiped  dry.  A  row  of  parallel  scratches  is  then 
made  with  a  smallpox-vaccination  needle,  the  tip  of  a  sharp  scalpel,  or 
a  surgical  needle  and  a  drop  of  material  is  applied  to  them  and  tho¬ 
roughly  rubbed  in  with  a  glass  rod  or  spatula. 

A  protective  collar  of  heavy  cardboard  is  usually  placed  about  the 
neck  of  an  animal  given  an  Intracutaneous  Injection  or  subjected  to 
scarification,  to  fc^ep  it  from  licking  or  scratching  the  Injection  site. 
A  cardboard  circle  10-20  cm  In  diameter  (for  a  guinea  pig)  is  cut  out 
•>  id  an  oval  hole  somewhat  larger  than  the  circumference  cf  the  animal ’s 
neck  is  made  In  its  center.  The  ring  thus  obtained  Is  wrapped  In  band¬ 
age  or  gauze  with  a  thin  underlayer  cf  cotton,  so  that  its  edge  does 
not  bear  directly  on  the  neck.  The  collar  is  cut  radially  and  placed  on 
the  animal  and  the  cut  Is  sewn  up  with  thread. 

Intramuscular  Injections  are  usually  administered  in  the  muscle  of 
a  hind  leg,  most  frequently  its  outer  side,  for  rabbits,  guinea  pigs,  and 
rats;  birds  receive  such  injections  in  the  pectoral  muscles. 

Intraperltoneal  injections  are  given  in  the  following  manner:  a 
section  of  skin  on  the  left  side  of  the  posterior  third  of  the  abdomen 
is  freed  of  hair  and  treated  with  alcohol  and  iodine.  During  injection 
of  the  material  the  animal  is  held  head  down,  so  that  the  intestine  is 
displaced  downward  from  the  injection  site.  A  short  needle  whose  tip 
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has  been  sharpened  with  a  small  file  should  be  used. 

For  rabbits  anu  guinea  pigs  a  small  Incision  Is  made  in  the  super* 
flclal  cutaneous  layer  and  a  blunt  needle  Is  Inserted  horizontally  be¬ 
tween  the  skin  and  muscles,  brought  gently  into  a  vertical  position, 
and  advanced  with  careful  motions.  Penetration  of  the  needle  into  the 
abdominal  cavity  can  be  felt  in  the  disappearance  of  resistance.  When 
intraperltoneal  injections  are  given  to  white  mice  the  hair  is  general¬ 
ly  not  removed  and  no  preliminary  incision  is  made  in  the  skin. 

Intraperltoneal  inoculation  cannot  be  employed  when  the  material 
tinier  investigation  contains  many  foreign  bacteria  (soil,  intestinal 
contents,  etc.),  since  it  might  cause  fatal  peritonitis. 

Two  persons  are  required  to  give  intraperltoneal  injections  to 
rabbits,  guinea  pigs,  and  other  large  animals,  one  holding  the  animal 
and  the  other  administering  the  infectious  material.  Intraperltoneal 
inoculation  of  mice  can  easily  be  carried  out  by  one  person,  using  the 
immobilization  procedure  described  above. 

The  maximum  doses  for  intraperltoneal,  intramuscular,  and  subcu¬ 
taneous  injections  are  as  follows:  mice  -  1-2  ml,  rats  -  3  ml,  guinea 
pigs  -  5-10  ml,  and  rabbits  —  5-20  ml  (depending  on  the  animal's  weight). 

Intravenous  injection.  Different  veins  are  used  for  Intravenous 
injections  in  different  animals.  Rabbits  are  given  such  injections  in 
the  marginal  vein  of  the  ear,  an  assistant  holding  the  animal  immobile. 
The  hair  along  the  margin  of  the  ear  is  cliped.  For  better  filling  of 
the  vein  the  helix  must  first  l-e  washed  with  certain  alkalies  or  xylol 
at  the  injection  site  and  the  vein  is  then  compressed  near  the  root  of 
the  ear.  The  ear  is  rubbed  with  alcohol  and  taken  in  the  left  hand,  ly¬ 
ing  on  the  middle  and  index  fingers,  while  the  fourth  finger  holds  it 
at  the  the  top,  near  the  injection  site.  The  needle  is  inserted  into 
the  vein  in  the  direction  of  blood  flow  and  almost  parallel  to  the  sur- 
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face  of  the  ear,  so  that  It  does  not  pierce  the  opposite  wall  of  the 
vein.  The  venipuncture  is  painful  and  the  animal  usually  Jerks  Its  head 
at  the  instant  of  penetration.  In  order  to  be  sure  that  the  needle,  has 
entered  the  vein  the  plunger  should  be  slightly  depressed.  If  it  moves 
freely  and  the  skin  around  the  needle  is  not  distended  the  fluid  has 
gone  into  the  vein.  If  a  swelling  forms  after  a  small  quantity  of  ma¬ 
terial  has  been  injected  the  needle  has  entered  beneath  the  skin.  The 
needle  is  withdrawn  and  reinserted  at  another  point  nearer  the  base  of 
the  ear  in  this  case.  After  the  injection  the  vein  is  pinched  below  the 
puncture,  the  needle  is  withdrawn,  and  a  piece  of  sterile  cotton  is 
pressed  against  the  injection  site  to  prevent  bleeding. 

In  guinea  pigs  and  mature  rats  the  material  is  injected  into  the 
Jugular  vein  in  the  neck:  it  is  recommended  that  the  vein  first  be  ex¬ 
posed.  The  animal  should  be  immobilized  on  a  special  small  table.  After 
the  injection  the  wound  is  closed  with  sutures  or  surgical  staples. 

Guinea  pigs  can  also  be  given  injections  in  the  vein  on  the  Inside 
of  the  lower  leg,  but  this  vein  can  be  easily  detected  only  in  white 
animals.  Xylol  or  mechanical  stimulation  must  also  be  used  to  provide 
better  filling  of  the  vein. 

Guinea  pigs  are  often  given  intracardiac  injections  by  the  same 
method  employed  to  take  blood  from  the  heart  (see  below). 

Mice  and  young  rats  receive  injections  in  the  veins  on  either  side 
of  the  tail,  using  tuberculin -test  needles  with  short  points.  For  bet¬ 
ter  filling  of  the  veins  the  mouse's  tail  is  preliminarily  immersed  in 
hot  water  (approximately  50°)  or  wetted  with  a  cotton  pad  first  soaked 
in  boiling  water.  If  a  large  number  of  mice  must  be  given  intravenous 
Injections  at  the  same  time  they  are  closely  packed  in  a  Jar  or  cage, 
where  they  become  overheated;  this  makes  their  veins  clearly  visible. 

An  assistant  holds  the  mouse  and  pinches  the  base  of  the  tail,  while  the 
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experimenter  Inserts  the  needle  Into  the  vein  In  the  lower  third  of  the 
tall,  almost  parallel  to  Its  surface.  Once  the  needle  has  been  Intro¬ 
duced  Into  the  vein  the  assistant  stops  pressing  on  the  root  of  the 
tall,  but  continues  to  hold  the  mouse  In  this  area.  If  the  needle  has 
entered  the  vein  the  syringe  plunger  moves  freely.  If  the  tall  becomes 
swollen  and  white  around  the  needle  and  the  plunger  Is  difficult  to 
move  the  needle  has  entered  beneath  the  skin.  It  is  then  withdrawn  and 
reinserted  nearer  the  base  of  the  tall. 

Mice  can  also  be  given  Intravenous  injections  without  an  assistant, 
u r, : ng  one  of  the  Immobilization  methods  described  above. 

In  birds  (chickens  or  pigeons)  it  is  convenient  to  use  the  vein 
located  on  the  Inner  surface  of  the  wing,  which  Is  clearly  visible  If 
the  feathers  are  clipped. 

During  Intravenous  injections  care  must  be  taken  that  air  bubbles 
are  not  Injected  with  the  fluid,  since  they  cause  instant  death  from 
air  embolism  when  they  enter  the  blood;  small  particles  of  various  sol¬ 
ids  or  small  drops  of  fat  also  produce  embolisms.  The  maximum  doses  for 
intravenous  injection  are  as  follows:  mice  -  0.5-1  ml,  rats  -  1-2  ml, 
guinea  pigs  1-2  ml,  and  rabbits  -  5-10  ml  (depending  on  the  animal's 
weight ). 

Intraocular  administration.  In  this  technique  the  material  is  in¬ 
jected  Into  the  anterior  chamber  of  the  eye  or  dropped  onto  the  con¬ 
junctiva.  Injection  Into  the  anterior  chamber  is  easiest  in  large  ani¬ 
mals  (rabbits  and  dogs)  and  substantially  more  difficult  in  guinea  pigs. 
The  eye  is  first  cocainized  by  application  of  several  drops  of  a  1%  co¬ 
caine  solution  beneath  the  eyelid.  After  1-2  min,  when  the  eye  is  anes¬ 
thetized,  a  fold  of  the  conjunctiva  is  grasped  outside  the  upper  margin 
of  the  cornea  with  a  slender  ocular  forceps,  in  order  to  Immobilize  the 
eyeball.  A  fine  needle  (without  the  syringe)  is  dipped  in  the  material, 
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and  Introduced  Into  the 


Inserted  into  the  cornea  at  a  very  acute  angle, 
anterior  chamber  to  a  depth  of  no  less  than  1  mm.  After  the  eyeball  has 
been  immobilized  and  the  cornea  punctured  one  usually  waits  for  some  of 
the  aqueous  humor  to  emerge  from  the  needle.  Several  drops  of  this  flu¬ 
id  are  permitted  to  escape,  the  syringe  is  fitted  to  the  needle,  and  no 
more  than  0. 05  ml  of  the  material  is  injected;  the  needle  is.  then 
quickly  withdrawn.  The  small  wound  heals  of  itself.  If  the  needle  has 
been  properly  Inserted  none  of  the  aqueous  humor  escapes.  The  eye  is 
rinsed  with  sterile  water  or  a  weak  (3$)  boric  acid  solution. 

Injections  into  the  central  nervous  system  are  given  dogs,  rabbits, 
and  guinea  pigs  through  a  trepanned  opening  in  the  skull;  the  material 
is  injected  beneath  the  dura  mater.  The  operative  zone  is  freed  of  hair 
over  an  area  extending  from  the  eyes  to  the  ears.  The  operation  is  per¬ 
formed  under  anesthesia  with  the  animal  immobilized  on  a  table.  An  as¬ 
sistant  holds  its  head  behind  the  ears,  pulling  it  back.  The  operative 
field  is  thorough  smeared  with  iodine,  the  skin  is  moved  somewhat  to 
ore  side,  and  an  incision  2-3  cm  long  is  made  with  a  scalpel  parallel 
„o  the  longitudinal  cranial  axis  and  slightly  above  the  posterior  ocu¬ 
lar  line.  The  edges  of  the  wound  are  separated,  a  cruciform  incision  is 
made  in  the  periostium,  and  the  latter  is  drawn  apart.  A  special  tool, 
a  trepan,  is  used  to  make  a  circular  hole  in  the  bone.  This  aperture 
should  lie  outside  the  median  line,  so  as  not  to  damage  the  longitudi¬ 
nal  sinus.  A  slightly  blunted  Francke  needle  can  be  used  in  operations 
on  rabbits  and  guinea  pigs  when  no  trepan  is  available.  The  bone  is 
punctured  three  times  with  the  needle,  at  the  apices  of  a  small  trian¬ 
gle,  which  can  then  be  easily  cut  free  with  fine  blunt  ocular  scissors. 
The  glossy  surface  of  the  dura  mater  is  visible  through  the  window  in 
the  bone;  it  is  punctured  with  a  needle  bent  through  a  right  angle  or 
with  an  ordinary  needle.  In  the  latter  case  the  syringe  is  dropped  to  a 
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horizontal  position  after  the  puncture  has  been  made,  the  needle  Is 
moved  laterally  and  outward  beneath  the  membrane,  and  tne  material  la 
Injected.  The  needle  Is  then  withdrawn  and  the  wound  sutured. 

Material  can  be  injected  directly  Into  the  brain  through  such  a 
trepanned  opening.  Trepanning  Is  not,  however,  obligatory  in  this  ad¬ 
ministration  technique.  It  Is  sufficient  to  pierce  the  skull  with  a 
sharp  pin  or  Francke  needle  and  insert  the  syringe  needle  Into  the  hole 
thus  formed.  In  Intricerebral  Injections  it  Is  necessary  to  use  a  nee¬ 
dle  with  a  sleeve  stop,  so  that  the  material  Is  Injected  to  a  uniform 
d.'th  (2-3  mm)  In  all  animals. 

Intracerebral  Inoculation  of  smaller  animals  (rats  and  mice)  is 
carried  out  with  a  tuberculin -test  syringe  and  a  fine,  sleeve -equipped 
needle.  The  material  is  injected  to  a  depth  of  1.5-2  mm.  The  needle 
should  have  a  bluntly  truncated  point.  The  experimenter  holds  the  mouse 
firmly  in  his  left  hand,  as  in  intraperitoneal  injection,  grasping  its 
tall  between  the  little  and  fourth  fingers  and  the  skin  on  the  back  of 
the  head  between  the  middle  and  index  fingers.  The  animal  is  pressed 
against  the  operating  table.  The  right  hand  is  used  to  smear  the  coat 
at  the  injection  site  with  iodine  and  insert  the  sleeve -equipped  needle 
in  the  middle  third  of  the  line  Joining  the  inner  corner  of  the  eye  and 
the  base  of  the  ear.  The  material  is  injected  slowly,  so  as  not  to  cause 
an  lncreaso*  in  Intracranial  pressure. 

Injection  into  the  cerebellomedullary  cistern  by  suboccipital 
puncture  is  employed  only  for  large  animals  (rabbits  or  dogs).  The 
subject  is  firmly  fastened  to  the  operating  table,  stomach  down;  the 
pectoral  girdle  should  lie  at  the  front  edge  of  the  table.  An  assistant 
holds  the  animal's  head  in  both  hands,  bending  it  forward  in  such  fash¬ 
ion  that  tie  planes  of  the  trunk  and  the  neck  form  a  right  angle.  With 
the  head  in  this  position  the  distance  between  the  first  cervical  ver- 
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tebra  and  the  skull  Is  increased  and  the  ligaments  between  them  are 
stretched.  The  coat  is  clipped  in  the  vicinity  of  the  occipital  protu¬ 
berance  and  on  the  neok;  the  skin  is  rubbed  with  alcohol  and  smeared 
with  iodine.  A  needle  with  a  bluntly  truncated  point  is  selected.  It 
must  be  taken  into  account  that  the  distance  between  the  dura  mater  and 
the  brain  is  1-2  mm.  A  puncture  is  made  between  the  occipital  protuber¬ 
ance  and  the  spinous  process  of  the  2nd  cervical  vertebra,  precisely  on 
the  median  line.  The  needle  (equipped  with  a  mandrln)  must  be  Inserted 
carefully.  When  the  dura  mater  has  been  pierced,  as  Indicated  by  a 
slight  crackling  sound,  movement  of  the  needle  is  halted  and  the  man¬ 
drln  is  removed.  A  drop  of  clear  liquid,  the  cerebrospinal  fluid,  usual¬ 
ly  emerges  from  the  needle  after  a  short  inter  al  and  the  syringe  is 
then  attached  and  no  more  than  0.5  ml  of  the  material  injected.  The 
needle  is  withdrawn  and  the  puncture  site  is  smeared  with  iodine. 

There  is  also  a  simpler  method  of  immobilizing  rabbits  for  suboc- 
clpltal  injections,  which  requires  a  minimum  of  time  and  permits  mass 
experiments  to  be  conducted  within  a  short  period.  This  technique  can 
easily  be  mastered  with  only  a  little  practice  on  the  part  of  the  ex¬ 
perimenter. 

The  rabbit's  fore  and  hind  legs  are  tied  tightly  together  and  the 
animal  is  wrapped  in  an  old  pair  of  coveralls  and  placed  on  its  side 
near  the  edge  of  the  table,  its  head  to  the  experimenter's  left  and  its 
torso  to  his  right.  An  assistant  stands  on  the  experimenter’s  right  and 
pulls  the  animal's  head  forcefully  by  the  ears  with  his  right  hand, 
while  his  left  holds  Its  trunk.  The  operative  field  is  prepared  in  the 
manner  described  above.  The  experimenter  locates  the  occipital  pretub- 

I 

erance  and  the  spinus  process  of  the  2nd  vertebra  with  the  index  or  mid¬ 
dle  finger  of  his  left  hand  and,  holding  the  finger  against  the  protub¬ 
erance,  uses  his  right  hand  to  insert  the  mandrin -equipped  needle  di- 
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rectly  behind  It,  precisely  on  the  median  line  and  anterior  to  the  spi- 
nus  process.  The  mandrln  is  removed  and,  as  is  generally  the  case,  flu* 
id  immediately  begins  to  flow  from  the  needle.  The  remaining  manipula¬ 
tions  are  carried  out  in  the  manner  described  above. 

Injections  into  a  peripheral  nerve  are  given  through  the  outside 
of  the  thigh;  the  skin  is  freed  of  hair  and  disinfected  and  an  incision 
3-4  cm  long  is  made.  The  thigh  muscles  are  separated  under  local  anes¬ 
thesia  and  the  sciatic  nerve  is  exposed.  The  nerve  is  raised  from  the 
bottom  of  the  wound,  inserting  a  gauze  pad  beneath  it,  and  punctured 
wlh  a  fine  needle  at  a  very  acute  angle;  as  small  a  quantity  of  mater¬ 
ial  uB  possible  is  then  injected  and  the  wound  is  sutured. 

In  addition  to  these  artificial  methods  for  introducing  infectious 
material  into  an  animal's  body,  there  are  techniques  which  approximate 
natural  Infection  modes.  These  include  Inoculation  through  the  diges¬ 
tive  and  respiratory  tracts. 

Administration  through  the  digestive  tract  is  carried  out  by  mix¬ 
ing  the  material  with  food  or  by  introducing  it  orally,  either  directly 
into  the  stomach  with  a  probe  or  into  the  esophagus  with  a  cannula.  It 
is  difficult  to  determine  the  quantity  of  material  administered  with 
sufficient  precision  in  the  first  method,  procedures  of  the  latter  type 
being  more  accurate. 

When  the  material  la  administered  orally  with  a  hypodermic  needle 
the  animal  is  held  vertically,  its  mouth  is  opened  with  forceps  or  by 
pressing  against  the  neck  with  the  fingers,  and  a  drop  of  material  is 
Introduced.  When  the  animal  has  swallowed  it  the  next  drop  is  introduced 
and  in  this  manner,  drop  by  drop,  the  entire  quantity  of  material  is 
gradually  administered.  It  is  necessary  to  avoid  dropping  large  quanti¬ 
ties  of  fluid  into  the  mouth  all  at  once,  so  that  it  does  net  enter  the 
respiratory  passages. 
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When  the  material  la  to  be  Introduced  directly  into  the  stomach  a 
very  alender  elastic  probe  (7*5  cm  or  more  long  art!  0.5  cm  in  diameter) 
la  smeared  with  vaseline  and  Inserted  through  the  nose.  As  soon  as  It 
reaches  the  nasopharynx  water  Is  dropped  Into  the  mouth  and  the  prove 
Is  moved  forward  when  the  animal  swallows;  no  difficulty  should  be  en¬ 
countered  in  advancing  the  tube.  When  it  has  been  Introduced  Into  the 
stomach  the  material  under  investigation  Is  Injected  into  Its  outer  end 
with  a  syringe  but  no  needle. 

In  rabbits,  guinea  pigs,  and  mice  material  Is  introduced  Into  the 
esophagus  with  a  syringe  fitted  with  a  metal  capsule  or  a  curved  needle 
with  an  olive-shaped  thickening  at  Its  tip. 

Administration  through  the  respiratory  passages.  There  are  various 
methods  of  inoculation  through  the  respiratory  tract.  The  simplest  pro¬ 
cedure  consists  in  dropping  the  material  Into  the  animal's  nose  under 
light  ether  anesthesia.  When  the  anesthetic  is  properly  administered 
the  animal  deeply  Inhales  the  material,  which  then  enters  the  lungs. 

When  the  anesthesia  is  too  deep  breathing  becomes  shallow  and  the  ma¬ 
terial  Is  not  Inhaled.  The  maximum  doses  for  this  type  of  administration 
are  as  follows:  0.03-0.05  ml  for  mice,  0.05-0.1  ml  for  rats,  and  up  to 
2  ml  for  guinea  pigs  and  rabbits. 

Material  can  also  be  introduced  into  the  trachea  or  bronchi  with 
a  probe. 

Methods  of  Taking  Blood  from  Laboratory  Animals 

Guinea  pigs  and  rabbits  are  the  laboratory  animals  most  frequently 
used  for  taking  blood.  Blood  drawn  from  the  hearts  of  guinea  pigs  is 
used  to  produce  complement,  while  that  taken  from  rabbits  is,  in  the 
majority  of  cases,  added  to  nutritive  media;  blood  from  both  animals  is 
used  to  test  the  properties  of  Immune  sera  during  immunization.  When 
the  experimenter  has  a  certain  skill  this  operation  usually  causes  no 
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harm  to  the  animal  and  can  be  performed  repeatedly.  In  order  to  take 
blood  from  the  heart  the  animal  is  strapped  to  the  table  on  its  back, 
in  a  horizontal  position.  The  coat  is  shaved  in  the  cardiac  region  and 
the  skin  is  smeared  with  tincture  of  iodine.  The  syringe  and  needle  to 
be  used  for  taking  blood  are  thoroughly  sterilized;  the  needle  should 
not  be  too  sharp. 

The  animal  is  strapped  to  the  table  in  a  horizontal  position,  ab¬ 
domen  up,  or  simply  stretched  out,  an  assistant  holding  its  fore  and 
hind  legs  (this  technique  is  usually  employed  for  guinea  pigs).  The 
i  it  is  shaved  from  the  chest  and  the  cardiac  region  is  smeared  with 
ivJine.  It  is  recommended  that  the  blood  be  drawn  with  a  sterile  glass 
Luer  syringe.  The  pulse  is  located  with  the  tip  of  a  finger  and  the 
needle  is  inserted  at  this  point,  near  the  left  margin  of  the  thorax, 
directing  it  slightly  inward  and  introducing  it  to  a  depth  of  1.5-2  cm 
(in  guinea  pigs).  The  needle  must  first  overcome  the  resistance  of  the 
thoracic  muscles  and  myocardium  and  then  enters  the  left  ventricle.  If 
the  needle  has  been  properly  inserted  blood  begins  to  flow  into  the 
syringe  in  spurts,  raising  the  plunger. 

In  rabbits  it  is  convenient  to  insert  the  needle  in  the  3rd  inter¬ 
costal  space,  3  mm  from  the  left  thoracic  margin. 

No  more  than  10  ml  of  blood  is  usually  taken  frcm  guinea  pigs 
weighing  500  g  or  more,  while  25-30  ml  is  taken  from  mature  rabbits.  As 
soon  as  the  blood  has  been  drawn  the  animal  is  given  a  subcutaneous  in¬ 
jection  of  physiological  solution  heated  to  body  temperature  in  a  quan¬ 
tity  twice  that  of  the  blood  taken. 

In  mice  the  tip  of  the  tail  is  cut  off  and  the  blood  which  flows 
out  is  collected  in  a  test-tube  or  drawn  off  with  a  Pasteur  pipette. 

Exsanguira  tion  is  used  to  obtain  the  maximum  quantity  of  blood 
from  rabbits.  A  longitudinal  incision  is  made  in  the  skin  of  the  neck. 


a  abort  distance  from  the  median  line,  and  the  carotid  artery  la  ex¬ 
posed.  The  artery  Is  separated  from  the  vein  and  nerve  and  two  silk 
ligatures  are  applied  to  It:  It  Is  then  severed  between  the  ligatures. 
The  central  end  of  the  artery  Is  grasped  with  forceps  and  Inserted  In¬ 
to  a  sterile  test-tube.  The  arterial  wall  Is  slit  behind  the  ligature 
and  a  strong  stream  of  blood  begins  to  flow  Into  the  test-tube.  When 
the  Vlood  flow  slows  down  the  heart  Is  massaged  to  collect  the  last 
portion  of  blood. 

O.M.  Fedorov  (1961)  has  proposed  a  simple  device  which  makes  It 
possible  to  obtain  several  milliliters  of  blood  from  a  guinea  pig.  It 
consists  of  a  thick-walled  test-tube  of  the  type  used  In  certain  chem¬ 
ical  and  toxicological  Investigations;  these  tubes  are  11  cm  long,  1.8 
cm  across,  and  3  cm  In  diameter  at  their  bulbous  bottoms.  The  lower  por¬ 
tion  of  the  test-tube  can  be  removed  when  necessary.  The  opening  of  the 
tube  Is  closed  with  a  cuff  or  a  piece  cut  from  the  rubber  nipple  of  an 
Infant 's  bottle.  Blood  Is  taken  in  the  following  manner.  An  incision  is 
made  In  the  animal's  front  paw  (near  the  ankle)  with  a  razor  blade.  The 
paw  is  inserted  through  the  cup  into  the  tube,  whose  side-arm  is  con¬ 
nected  to  an  electric  vacuum  pump.  From  l’to  4  ml  of  blood  collects  in 
the  tube  within  1-2  min.  This  method  Is  simpler  and  safer  than  cardiac 
puncture,  but  does  not  completely  ensure  sterility  of  the  collected 
blood. 

Lutsenko  has  proposed  a  method  fcr massive  bleeding  of  laboratory 
animals  (rabbits  and  guinea  pigs). 

Cardlopunct ure  under  anesthesia.  The  principal  drawback  of  the 
completely  sterile  bleeding  method  usually  used  to  obtain  large  quanti¬ 
ties  of  blood,  as  described  above,  is  the  fact  that  the  animal  dies, 
which  means  that  it  cannot  be  used  again.  Cardlopuncturr  '•->der  anes¬ 
thesia  makes  It  possible  to  obtain  60-70  ml  of  blood  „r  .  bblts,  but 
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does  not  cause  shock  as  a  result  cf  the  large  blood  loss. 

Method.  Several  flasks  with  capacities  of  100-200  ml  are  prepared. 
Volumes  of  50,  75,  and  100  ml  are  Indicated  on  the  flask  wall.  The 
flasks  are  hermetically  sealed  with  a  rubber  stopper  through  which  two 
large-diameter  phlebotomy  needles  are  passed.  A  rubber  tube  Is  attached 
to  one  needle  for  evacuation  of  the  air  from  the  flask;  the  other  nee¬ 
dle  bears  a  rubber  tube  up  to  35  cm  long,  with  a  No.  17M  mandrln- 
equlpped  needle  tightly  fitted  Into  Its  open  end  for  the  cardlopuncture. 
The  No.  17M  needle  Is  placed  In  a  thick-walled  test-tube  to  keep  It 
st-rlle  after  the  flask  has  been  autoclaved.  Before  the  puncture  Is 
made  the  flask  Is  connected  to  a  vacuum  pump  through  a  rubber  tube  with 
a  cotton  filter.  In  order  to  exhaust  as  much  air  as  possible  from  It. 

As  a  last  resort,  this  can  be  done  with  a  water-jet  pump.  When  the  air 
has  been  sufficiently  exhausted  the  walls  of  the  rubber  tubes  collapse 
and  Pean  forceps  are  applied  to  them  to  hold  the  vacuum  In  the  flask. 

It  Is  necessary  to  check  the  retention  of  the  vacuum. 

The  animal  Is  prepared  for  cardlopuncture  In  the  usual  manner:  It 
Is  Immobilized  on  Its  back.  Its  coat  Is  shaved,  the  experimenter  uses 
his  hands  to  rub  alcohol  Into  the  skin,  and  the  puncture  area  Is  copi¬ 
ously  smeared  with  tincture  of  Iodine.  A  funnel-shaped  paper  mask  con¬ 
taining  a  cotton  pad  wetted  with  ether  Is  placed  over  the  animal's  nose. 
Once  the  animal  Is  anesthetized  the  pulse  Is  located  with  the  Index 
finger,  which  is  smeared  with  tincture  of  Iodine,  and  the  tip  of  the 
sterile  needle  Is  Introduced  Into  the  pleural  cavity  with  a  sharp  blow 
of  the  right  hand.  Only  then  does  an  assistant  remove  the  forceps  on 
the  rubber  tube  connected  to  the  needle  and  check  for  the  appearance  of 
an  inflow  of  blood  to  the  flask.  If  such  a  flow  does  not  appear  the  pos¬ 
ition  of  the  needle  is  changed  in  an  attempt  to  insert  it  into  the 
heart.  In  rabbits  the  needle  is  most  conveniently  Inserted  in  the  3rd 
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Intercostal  space,  3  no  from  the  outer  thoracic  margin,  while  monitor* 
lng  the  pulse.  The  needles  used  for  oardlopuncture  should  have  tips 
which  are  not  very  beveled  or  sharp.  In  order  to  prevent  pericardial 
hemorrhaging. 

After  60*70  ml  of  blood  has  been  taken  the  animal  Is  given  a  sub* 
cutaneous  Injection  of  30*40  ml  of  physiological  solution  heated  to  37° 
and  is  kept  In  a  warm  room  until  the  following  morning. 

A.P.  Okunt spy's  oardlopuncture  methcd  for  obtaining  blood  from 
chickens.  Methods  for  taking  blood  from  the  peripheral  vessels  of  birds 
have  a  number  of  material  drawbacks.  They  do  not  ensure  that  the  blood 
obtained  will  be  sterile,  since  It  Is  In  prolonged  contact  with  the  or* 
dlnary  atmospheric  microflora  and  Is  contaminated  with  microorganisms 
from  the  feathers  and  hands,  which  leads  to  rapid  hemolysis,  especially 
during  the  summer.  It  is  consequently  best  to  draw  blood  from  the  heart. 

The  bird  Is  Immobilized  on  a  table.  An  assistant  holds  It  on  Its 
back  and  extends  its  legs  with  his  right  hand,  straightening  them  at 
the  Joints;  the  fingers  of  the  left  hand  grip  the  wings  near  their  base, 
the  middle  finger  simultaneously  exerting  gentle  pressure  on  the  crop 
region.  The  line  Joining  the  carina  of  the  breastbone  and  the  point 
where  the  clavicle  diverges  is  divided  into  two  equal  segments.  A  per¬ 
pendicular  is  dropped  from  the  point  of  bisection  to  1  cm  from  the  hor¬ 
izontal  line  Joining  the  scapular  Joint  and  the  apex  of  the  median 
sternal  process.  The  terminus  of  this  perpendicular  is  the  point  at 
whloh  the  needle  should  be  inserted  to  puncture  the  heart.  The  feathers 
at  the  puncture  site  are  clipped  and  the  skin  is  rubbed  with  alcohol  or 
ether.  Blood  is  best  taken  from  the  heart  with  a  sterile  5-gram  Luer 
syringe.  The  needle  should  be  no  less  than  6  cm  long  and  1-1. 5  mm  in 
diameter  (a  finer  needle  can  be  used).  The  operation  should  be  per¬ 
formed  with  a  sharp  needle:  this  has  certain  advantages  in  giving  the 
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operator  greater  tactile  sensitivity  and  does  not  cause  any  great  tis¬ 
sue  trauma.  The  needle  and  syringe  should  be  perpendicular  to  the  skin. 
Having  pierced  the  skin  and  muscle,  the  tip  of  the  needle  is  used  to  lo¬ 
cate  the  caudal  margins  of  the  1st  or  2nd  sternal  area  of  the  ribs  and 
the  needle  is  introduced  into  the  body  cavity.  Rhythmic  movement  of  the 
syringe  shows  that  the  needle  has  entered  the  ventricular  cavity;  the 
plunger  is  raised  by  the  blood  entering  the  syringe.  The  depth  to  which 
the  needle  must  be  inserted  into  the  thoracic  cavity  depends  on  the  spe¬ 
cies  of  the  bird  and  the  size  and  development  of  its  thorax  and  muscu- 
ld'ure,  usually  being  3*5-5  cm.  A  frothy  reddish  fluid  appears  in  the 
syringe  when  the  needle  has  not  been  properly  inserted.  In  this  case 
the  needle  must  be  quickly  withdrawn  and  the  syringe  is  washed  several 
times  with  physl  .'''gical  solution  through  it,  until  the  solution  in  the 
syringe  appears  cle~r. 

Cardiopuncture  is  carried  out  from  the  left  side  of  the  thorax,  as 
described  above,  to  obtain  arterial  blood.  Venous  blood  is  obtained  by 
cardiopuncture  on  the  right  side  of  the  thorax. 

In  adding  blood  for  bacteriological  investigations  it  is  necessary 
to  keep  it  from  being  contaminated  with  common  microorganisms;  for  this 
purpose  it  Is  transferred  from  a  sterile  syringe  to  a  sterile  cylinder 
through  a  special  needle. 

Chickens  begin  to  scratch  for  food  immediately  after  cardiopunc¬ 
ture. 

Dissection  and  Bacteriological  Investigation  of  the  Organs  of  Dead  Ani¬ 
mals 

Animals  which  have  died  or  which  have  been  killed  at  a  certain  in¬ 
terval  after  administration  of  the  material  under  investigation  are  dis¬ 
sected.  The  cadaver  material  (tue  animal's  organs)  Is  investigated  bac- 
terloscoplcally  (by  microscopic  examination  of  smears)  and  bacteriologi- 
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cally  (by  oulturing).  Extracts  for  Immunological  reactions  are  also 
prepared  from  the  organs. 

Certain  rules  must  be  observed  In  dissecting  an  Infected  corpse. 
Both  dissection  and  bacteriological  Investigation  should  be  carried  out 
as  soon  after  death  as  possible.  The  cadaver  should  be  kept  under  re* 
frige rat ion  until  the  autopsy  Is  performed. 

The  dissection  must  be  carried  out  on  a  separate  table ,  observing 
all  the  conditions  for  preventing  contamination  of  the  cadaver  with 
foreign  bacteria  and  contamination  of  various  objects  with  Infectious 
material  from  the  cadaver. 

The  autopsy  must  be  performed  with  sterile  instruments ,  following 
the  rules  of  asepsis.  The  material  removed  should  not  come  Into  contact 
with  disinfectants  before  culturing.  All  the  Instruments  and  materials 
necessary  for  dissecting  the  animal  should  be  at  hand  on  the  table:  these 
Include  a  beaker  half  full  of  alcohol  for  holding  the  instruments  (scis* 
sors,  scalpels,  and  anatomic  and  surgical  forceps),  cotton  pads  (ster¬ 
ile  and  unsterile),  platinum  loops,  nutritive  media,  sterile  Petri 
dishes,  a  mortar,  Pasteur  pipettes,  slides,  matches,  and  physiological 
solution. 

The  dead  animal  Is  prepared  for  dissection  in  the  following  manner: 
it  Is  grasped  In  a  pair  of  forceps  and  laid  stomach  up  on  a  specially 
prepared  table  covered  with  wrapping  paper  or  on  a  small  table  in  an 
enameled  or  zinc-lined  pan.  All  four  of  Its  paws  are  fastened  to  the 
table  with  sharp  tacks,  pins,  or  special  clamps.  Mice  can  be  dissected 
on  a  sheet  of  cork  or  the  wax  plate  formed  in  a  pan  after  molten  wax 
has  been  permitted  to  solidify. 

Before  dissection  the  animal's  coat  is  washed  with  a  cotton  pad 
wetted  with  2#  lysol  or  5%  carbolic  acid,  so  as  not  to  scatter  bacteria- 
bearing  hair  during  the  autopsy.  It  is  quite  convenient  to  burn  off  the 
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coat  with  a  Bunsen -burner  flame. 

Before  dissecting  an  animal  which  was  Inoculated  with  an  especial¬ 
ly  dangerous  infection  it  is  grasped  in  a  pair  of  forceps,  immersed  in 
a  bucket  containing  kerosene  (in  order  to  kill  blond-sucking  parasites 
which  might  be  infectious  for  man),  and  placed  on  a  piece  of  screening 
to  permit  the  excess  kerosene  to  drain  off. 

The  dissection  and  examination  of  the  cadaver  are  conducted  in 
three  stages : 

1)  dissection  and  examination  of  the  skin; 

2)  dissection  and  examination  of  the  thoracic  cavity; 

3)  dissection  and  examination  of  the  abdominal  cavity. 

A  sharp  scalpel  is  used  to  slit  the  skin  in  a  straight  line  from 
the  lower  Jaw  to  the  symphysis,  without  damaging  the  underlying  tissues. 
The  same  scalpel  and  a  pair  of  forceps  are  employed  to  separate  the 
skin  on  either  side,  exposing  the  entire  anterior  abdominal  wall;  lat¬ 
eral  incisions  are  then  made  in  the  skin  along  the  paws.  The  skin  is 
separated  to  either  side  of  the  incision.  Any  changes  in  the  subcutan¬ 
eous  cellular  tissue  (hemorrhages,  edema,  vasodllitatlon,  the  state  of 
the  lymph  glands,  etc.)  are  noted.  Smears  are  made  from  the  glands  if 
they  are  enlarged  or  suppurative. 

The  exposed  muscle  surface  of  the  anterior  thoracic  wall  is  rubbed 
with  a  pad  wetted  in  alcohol  and  the  thoracic  cavity  is  opened  with  oth¬ 
er  sterile  instruments  (a  scissors  and  forceps).  The  xiphoid  process  Is 
grasped  with  a  pair  of  forceps,  a  cut  Is  made  beneath  it,  and,  insert¬ 
ing  the  scissors  through  this  incision,  the  ribs  are  transected  on  both 
sides,  at  the  points  where  they  Join  the  cartilages.  The  sternum  is 
tilted  upward  and  the  thoracic  cavity  is  examined,  noting  the  presence 
or  absence  of  an  exudate  or  blood  and  the  color  and  external  appearance 
of  the  lungs,  heart,  and  mediastinal  glands.  When  fluid  is  present  in 
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the  thoraoio  cavity  cultures  and  smears  on  slides  are  made  from  it. 

Culturing  of  the  blood  from  the  heart  ia  obligatory;  several  meth- 
ods  are  recommended  for  making  such  cultures. 

The  surface  of  the  right  ventricle  is  cauterized  with  a  red-hot 
scalpel  until  a  white  deposit  is  formed  and  a  Pasteur  pipette  is  intro¬ 
duced  into  the  ventricular  cavity.  A  drop  of  blood  from  the  pipette  is 
applied  to  an  agar  surface  or  placed  in  broth.  An  incision  can  be  made 
with  a  red-hot  scalpel  or  scissors  at  the  cauterization  site  and  blood 
is  drawn  through  it  with  a  Pasteur  pipette  and  transferred  to  a  nutri¬ 
tive  medium. 

Fragments  are  sometimes  cut  from  the  heart  with  sterile  scissors 
and  used  to  make  prints  on  the  surface  of  an  agar  dish,  smears  then  be¬ 
ing  made  from  the  blood.  After  these  cultures  have  been  prepared  the 
thoraoio  organs  are  examined  in  greater  detail. 

The  abdominal  cavity  is  dissected  and  investigated  after  the  tho¬ 
rax  has  been  examined.  The  abdominal  wall  Is  lifted  with  forceps  and 
cut  with  scissors  from  the  diaphragm  to  the  mons.  The  incision  must  be 
made  carefully,  so  as  not  to  damage  the  Intestine.  Smears  and  cultures 
are  made  from  the  exudate.  The  spleen  is  examined  with  special  care, 
cutting  away  fragments  and  preparing  cultures  and  prints.  Cultures  and 
smears  are  then  made  from  the  other  adbomlnal  organs  where  necessary. 

In  making  cultures  of  the  intestinal  contents  a  loop  of  the  intes¬ 
tine  is  grasped  in  an  anatomic  forceps  and  squeezed.  A  platinum  loop  is 
heated  to  red  heat,  permitted  to  cool.  Inserted  Into  the  intestinal  lu¬ 
men,  and  used  to  colleot  its  contents  and  transfer  them  to  a  nutritive 
medium. 

Smears  are  prepared  from  organs  either  by  drawing  a  cut  surface 
along  a  slide  or*  by  printing  (a  small  fragment  is  cut  from  the  organ 
and 'taken  in  a  forceps  and  the  cut  surface  is  pressed  several  times 
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against  a  slide).  The  smears  are  fixed  by  flaming  or.  If  It  is  desired 
to  preserve  the  structure  of  the  cellular  elements,  with  a  liquid  fixa¬ 
tive. 

During  dissection  and  culturing  care  must  be  taken  that  the  infec¬ 
tious  material  does  not  come  into  contact  with  the  table  or  surrounding 
objects.  After  each  manipulation  all  the  Instruments  used  must  be  care¬ 
fully  wiped  with  a  cotton  pad  wetted  in  water  or  alcohol  and  placed  in 
a  beaker  containing  alcohol. 

The  working  area  must  be  carefully  cleaned  after  the  autopsy  has 
u-.n  completed.  The  instruments  are  placed  in  a  sterilizer  or  pot  and 
belled  for  45-60  min.  Any  remnants  of  Infectious  material  are  immersed 
in  a  pot  containing  5#  lysol.  The  cadaver  is  burnt  in  a  special  furnace 
or  autoclaved  for  1  hr  at  120°.  The  table  is  treated  with  lysol.  The 
pan  is  filled  with  lysol,  which  is  permitted  to  stand  for  24  hr.  The 
cultures  are  carefully  labeled  and  placed  in  a  heater. 

NUTRITIVE  MEDIA  FOR  CULTURINO  BACTERIA 
Prof.  M.A.  Peshkov 

It  is  impossible  to  prepare  a  medium  with  an  identical  nutritive 
value  for  all  pathogenic  bacteria,  because  of  the  extremely  diverse  in¬ 
dividual  requirements  of  different  species.  Nevertheless,  bacteriology 
has  purely  empirically  established  so-called  general,  or  universal  nu¬ 
tritive  media  suitable  for  culturing  the  majority  of  bacteria.  There 
are  many  diverse  media  for  isolating  and  raising  more  demanding  microbes 
and  for  Investigating  their  biochemical  properties.  Nutritive  media  can 
consequently  be  divided  into  three  types: 

1.  Ordinary,  or  universal  media,  which  are  used  for  culturing  the 
majority  of  pathogenic  bacteria; 

2.  Special  media,  which  are  used  for  isolating  and  raising  certain 
pathogenic  bacteria  which  grow  poorly  or  not  at  all  in  ordinary  media; 
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3*  Cumulative,  or  "selective"  media,  .JUi^whioh  some  species  of  bac- 
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terla  (which  must  be  Isolated)  develop  more  rapidly  than  others  or, 
conversely,  develop  more  slowly  than  others  which  can  be  Isolated. 

Nutritive  media  are  best  prepared  in  enameled,  aluminized,  or 
steel  (stainless  steel)  pots  or  enameled  cans.  Vessels  used  for  cooking 
nutritive  media  must  not  be  employed  for  other  purposes,  especially  for 
diluting  disinfectants,  since  even  the  slightest  trace  of  such  substan¬ 
ces  makes  the  medium  unusable. 

Preparation  of  glass  vessels  for  media.  The  vessel  selected  is 
washed  with  water,  using  a  brudi ,  and  dried  on  a  rack.  If  a  whitish  de¬ 
posit  remains  in  a  vessel  which  has  already  been  used  it  is  Immersed  in 
a  5-100  solution  of  technical  hydrochloric  acid  and  then  carefully 
rinsed  with  water.  A  new  vessel  must  be  boiled  in  1-20  hydrochloric 
add. 

After  acid  treatment  the  vessel  is  thoroughly  rinsed  with  water 
and  dried.  Vessels  to  be  used  for  diluting  ordinary  media  are  not  ster¬ 
ilized.  Media  which  cannot  be  pressure-sterilized  are  best  diluted  In 
sterile  vessels. 

Reaction  of  nutritive  media.  In  order  to  maintain  bacterial  growth 
and  viability  nutritive  media  should  contain  sufficient  quantities  of 
the  nutrl'  lve  substance  and  salts  and  have  a  definite  reaction.  Bacter¬ 
ia  adapt  to  some  fluctuation  in  this  reaction,  but  there  Is  a  pH  limit 
for  each  microbe. 

Determination  of  hydrogen-ion  concentration.  The  colorimetric 
method,  «Alch  is  comparatively  simple,  yields  sufficiently  precise  re¬ 
sults  in  determining  hydrogen-ion  concentration  under  laboratory  condi¬ 
tions. 

Colorimetric  determination  of  pH  is  based  on  the  ability  of  a  num- 
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ber  of  substances  (so-called  Indicators)  to  change  color  when  the  pH  of 
th<.  solution  changes. 

There  are  two  variants  of  the  colorimetric  method,  buffered  and 
unbuffered,  each  of  which  has  its  advantages  and  is  described  below. 

In  the  majority  of  bacteriological  Investigations  it  Is  necessary 
to  determine  a  hydrogen-ion  concentration  near  the  neutral  point,  usual¬ 
ly  at  pH  •  6. 8-7. 7  Michael is  suggested  metanitrophenol  and  paranitrophe- 
nol  as  indicators  for  this  pH  region.  Paranitrophenol  is  suitable  for 
determining  reactions  between  pH  «  5-4  and  pH  ■  7.0,  while  metanitro- 
pu’.uol  can  be  used  between  pH  «■  6.8  and  pH  =  8.4.  Both  indicators  are 
1 1  :ht  yellow  in  color  and  only  their  intensity  changes  with  pH.  It  is 
desirable  to  use  blue  glass  ftr  such  determinations,  since  it  makes  it 
easier  to  see  the  change  in  tone.  A  set  of  standards  and  an  encased 
comparator  block  are  available  commercially.  The  standards  range  from 
pH  =  5.4  to  pH  -  8.4.  Ten  of  the  standard  test-tubes  contain  the  indi¬ 
cator  metanitrophenol  and  correspond  to  pH’s  of  6.8,  7.0,  7.2 ,  7.4, 

7.6,  7-8,  8,  8.2,  and  8.4.  The  other  9  test-tubes  contain  paranitrophe¬ 
nol  and  correspond  to  pH's  of  5-4,  5-6,  5-8*  6,  6.2,  6.4,  6.6,  6.8,  and 
7.0.  A  0. 1#  paranitrophenol  solution  and  a  0.3#  metanitrophenol  solu¬ 
tion  in  redistilled  water  are  used  as  indicators. 

Ir  determining  the  reaction  1  ml  of  the  medium  under  investigation, 
4  ml  of  distilled  water,  and  1  ml  of  the  indicator  are  poured  into  a 
test-tube  with  the  same  diameter  as  those  containing  the  standard  solu¬ 
tions;  this  tube  is  placed  in  the  second  hole  of  the  comparator  and 
tubes  containing  2  ml  of  the  medium  and  5  ml  of  distilled  water  are 
placed  to  the  right  and  left  of  it  (i.e.,  in  the  first  and  third  holes). 
A  tube  containing  distilled  water  is  placed  in  the  fifth  hole  and  stand¬ 
ards  in  the  4th  and  6th  holes.  The  light  passing  through  the  standard 
test-tubes.  Nos.  4  and  6,  also  passes  through  tubes  Nos.  1  and  3,  which 
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contain  mdltun  but  no  Indicator ,  while  the  tube  containing  both  medium 
and  indicator  la  backed  by  the  tube  containing  water;  the  illumination 
conditions  are  consequently  identical  for  all  the  test-tubes.  By  chang¬ 
ing  the  standards  the  one  corresponding  to  the  hue  of  the  medium  Is  se¬ 
lected. 

In  setting  up  the  necessary  reaction  the  tubes  are  left  in  the 
sane  positions,  but  standard  test-tubes  exhibiting  reactions  on  either 
side  of  that  to  which  it  is  desired  to  bring  the  medium  (e.g. ,  7.2  and 
7.4  if  a  reaction  of  7*3  is  desired)  are  placed  in  holes  4  and  6.  A  20  N 
solution  of  acid  or  alkali  is  added  to  the  tube  containing  the  medium 
until  a  hue  corresponding  to  the  standard  with  the  desired  pH  is  ob¬ 
tained.  The  quantity  of  alkali  or  acid  added  to  the  tube  is  used  to 
calculate  how  much  of  one  or  the  other  must  be  added  to  the  entire  me¬ 
dium  to  bring  it  to  the  required  pH. 

Technique  for  setting  up  the  nutritive -medium  reaction.  In  order 
to  facilitate  and  accelerate  determination  of  its  pH,  the  medium  is 
first  tested  with  corallin  paper  (or  with  phenol  red).  This  paper  has 
an  orange-yellow  color  and  becomes  slightly  reddish  at  a  pH  somewhat 
greater  than  7.0  and  bright  red  at  pH  -  7.7.  If  the  paper  remains  un¬ 
changed  in  color  or  becomes  yellowish  after  being  Immersed  in  the  me¬ 
dium  and  placed  on  a  piece  of  dry  filter  paper  small  portions  of  a 
10-normal  solution  of  sodium  hydroxide  or  sodium  bicarbonate  are  added 
to  the  medium  until  the  indicator  paper  takes  on  a  slightly  reddish  hue. 
A  reaction  corresponding  to  approximately  pH  «  7. 1-7.2  is  thus  estab¬ 
lished  first  and  then  determined  precisely  with  the  comparator. 

Let  us  assume  that  a  medium  with  a  volume  of  2  liters  has  been 
found  to  be  slightly  alkaline  with  corallin  paper.  We  must  obtain  a 
medium  with  a  pH  of  7.4.  Portions  of  the  medium  are  poured  into  3  test- 
tubes  (2  ml  in  each  for  Michaells's  method  and  5  ml  in  each  for  011s- 
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pay's  method)  and  4  ml  of  distilled  water  and  1  ml  of  metanitrophenol 
or  Michaelis'  method  or  10  drops  of  bromthymol  blue  for  Ollspay's  meth¬ 
od  are  added  to  one  of  them;  the  tubes  are  then  placed  in  the  first  row 
of  the  comparator,  with  the  tube  containing  both  medium  and  indicator  In 
the  middle  and  those  containing  medium  but  no  indicator  on  either  side 
of  it.  Standard  test-tubes  at  pH  «  7* 3-7. 5  are  placed  in  the  end  holes 
of  the  second  row,  i.e.,  behind  the  tubes  containing  medium  but  no  in¬ 
dicator,  while  the  tube  with  medium  and  indicator  is  backed  by  a  tube 
(or  2  tubes  in  Ollspay's  method)  containing  distilled  water.  It  is  then 
e:  'ily  determined  whether  the  medium  is  more  acid  or  more  alkaline  than 
desired  by  comparing  the  hues  of  the  standards  and  the  indicator-con¬ 
taining  medium.  Let  us  assume  that  the  color  of  the  standard  at  pH  — 

». 7*2  is  the  same  as  that  of  the  medium;  the  reaction  is  consequently 
more  acid  than  required.  Small  portions  of  20  N  sodium  hydroxide  are 
then  added  from  a  microburette  until  the  color  of  this  tube  corresponds 
to  that  of  the  standard  at  pH  »  7-4  or  is  intermediate  between  those  of 
the  standards  at  pH  —  7*3  and  pH  =  7*5.  After  each  small  portion  of  al¬ 
kali  is  added  the  contents  of  the  tube  are  well  mixed  before  comparing 
it.  For  greater  precision  the  same  quantity  of  alkali  should  be  added 
to  the  tubes  containing  the  pure  medium,  in  order  to  compensate  for  the 
change  in  the  color  of  the  natural  medium  plpnent  or  the  appearance  <f 
cloudiness. 

Let  us  assume  that  0.32  ml  of  20  N  alkali  is  necessary  to  bring 
the  color  of  the  tube  containing  2  ml  of  medium  to  a  hue  corresponding 
to  pH  —  7*4;  we  then  obtain  the  proportion  2:0.32  =»  2000:x; 

X-Or^-320, 

i.e.,  320  ml  of  20  N  alkali,  160  ml  of  10-normal  alkali,  or  16  ml  of 
one-normal  alkali  must  be  added  to  2  liters  of  the  medium.  Titration 
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of  the  sim  11  portions  of  medium  in  the  test-tubes  must  be  carried  out 
vexy  carefully,  using  an  accurate  apparatus  (pipette).  A  small  error 
is  inevitable  even  when  all  the  rules  are  observed  and  it  is  naturally 
multiplied  in  calculating  the  total  quantity  of  alkali  or  acid  which 
must  be  added  to  the  medium  as  a  whole.  In  the  example  given,  it  is 
thus  necessary  to  add  somewhat  less  than  1 6  ml  of  one-normal  alkali  and 
check  the  reaction  in  the  comparator  once  more. 

Experience  has  shown  that  it  is  convenient  to  dilute  concentrated 
(approximately  10$<)  acid  or  alkali  by  a  factor  of  50  or  100  times'W’^* 
tempore  (using  a  small  50-ml  graduated  flask).  The  reaction  is  set  up 
in  the  tube  under  study,  employing  a  microburette  or,  as  a  last  resort, 
a  graduated  pipette  with  0.01  ml  divisions;  then,  having  made  the  cal¬ 
culation,  a  corresponding  volume  of  the  initial  concentrated  acid  or  al¬ 
kali  from  which  the  dilution  was  prepared  is  added  to  the  medium.  In 
this  technique  the  dilute  solution  used  for  titration  should  not  be 
stored,  always  employing  a  fresh  dilution.  This  method  is  more  reliable 
than  use  of  a  precisely  calculated  20  N  sodium  hydroxide  solution  and 
subsequent  conversion  for  a  solution  of  a  different  strength,  which 
must  be  prepared  as  carefully  as  the  20  N  solution  to  avoid  errors;  it 
is  also  more  convenient,  since  it  does  not  require  titrated  solutions, 
but  only  precise  dilution  of  the  initial  concentrated  solution  in  a 
graduated  flask,  without  any  need  for  special  accuracy. 

The  procedure  described  above  pertains  to  liquid  media;  for  solid 
media  (agar  and  gelatin)  we  use  a  technique  based  on  t;^  principle  that 
dilution  of  well -buffered  solutions  alters  the  hydrogen-ion  concentra¬ 
tion  so  slightly  that  the  change  can  be  detected  only  by  very  precise 
methods.  The  majority  of  nutritive  media,  which  contain  various  pro¬ 
teins,  amino  acids,  phosphates,  etc.,  are  well-buffered  solutions.  The 
liquified  agar  or  gelatin  medium  is  diluted  in  7  parts  of  hot  distilled 
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water  or  physiological  solution.  The  diluted  medium  remains  liquid  for 
some  time,  which  makes  It  easy  to  conduct  colorimetric  Investigations. 

It  must  be  kept  In  mind  that  a  medium  reaction  carried  out  at  room 
temperature  Is  more  acid  at  37°.  The  pH  at  this  temperature  is  0.3-0. U 
lower,  depending  on  the  medium  composition. 

Media  become  more  acid  after  sterilization.  It  Is  consequently 
difficult  to  obtain  a  medium  with  a  definite  hydrogen-lon  concentration 
after  sterilization.  This  difficulty  Is  even  greater  when  the  medium  Is 
sterilized  in  test-tubes.  In  order  to  avoid  to  some  extent  errors  re¬ 
sulting  from  this  change  during  sterilization.  It  has  been  suggested 
that  5  ml  of  the  medium  be  thoroughly  boiled  for  30  sec  and  then  quick¬ 
ly  cooled  before  the  reaction  is  set  up.  The  medium  reaction  may  also 
change  during  storage,  as  a  result  of  adsorption  of  carbon  dioxide  from 
the  air.  This  change  is  small,  but  occasionally  significant. 

Filtration  and  clarification  of  media.  After  the  required  reaction 
has  been  established  liquid  media,  broth,  peptone  water,  etc.,  are  fil¬ 
tered  through  a  folded  double  layer  of  filter  paper  preliminarily  wet¬ 
ted  with  distilled  water.  Gelatin  is  filtered  through  the  same  type  of 
filter,  but  it  Is  best  that  the  funnel  and  the  flask  containing  the  fll 
tered  medium  be  placed  in  a  heated  Koch  apparatus  or  autoclaved  to  ac¬ 
celerate  filtration  and  prevent  solidification. 

It  is  very  difficult  to  filter  agar  through  paper  and  many  differ¬ 
ent  methods  and  devices  for  accelerating  filtration  have  consequently 
been  proposed. 

Instead  of  being  filtered,  melted  agar  can  b'  poured  into  a  deep 
cylinder  or  a  large  conical  graduate,  placed  In  a  hot  autoclave,  and 
then  permitted  to  solidify  slowly  (by  standing  overnight).  All  the  sedi 
ment  settles  into  the  lower  portion  of  the  agar.  The  vessel  should  be 
heated  in  hot  water,  the  agar  permitted  to  solidify,  and  its  lower  por- 
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tlon  out  away  with  a  knife.  The  agar  is  then  cut  Into  chunks ,  placed 
In  a  pot,  and  Belted  in  water  bath  or  a  Koch  apparatus. 

The  medium  is  sometimes  clarified  before,  filtration.  For  this  pur* 
pose  the. white  of  a  hen's  egg  (one  egg  per  liter  of  medium) ,  which 
should  be  shaken  (in  a  Jar  with  a  ground  stopper)  with  twice  its  volume 
of  cold  water,  is  added  to  tte  nutritive  medium,  which  is  cooled  to  be* 
low  50* •  The  eggs  must  always  be  fresh.  After  the  albumin  has  been  add* 
ed  the  medium  is  thoroughly  mixed  and  boiled  over  a  flame  for  10  min  or 
heated  in  an  autoclave  at  105*  for  30  min.  The  albumin  coagulates  and 
takes  with  it  all  the  particles  suspended  in  the  medium.  The  latter*  is'" u 
then  filtered.  Instead  of  egg  white  one  can  use  20*30  ml  of  blood  serum 
from  horses  or  other  animals  per  liter  of  medium.  Occasionally,  however, 
addition  of  albumin  causes  the  medium  to  become  even  more  cloudy.  It  is 
consequently  best  to  make  a  preliminary  clarification  test  in  a  test- 
tube  before  adding  the  albumin,  mixing  0.3  ml  of  the  dissolved  albumin 
or  serum  with  10  ml  of  the  nutritive  medium.  Coagulation  of  agar  with 
meat  gives  very  good  results. 

Pouring  nutritive  media.  A  glass  funnel  whose  end  is  fitted  with  a 
rubber  tube  bearing  a  Moore  clamp  and  an  elongated  glass  tip  is  used 
for  pouring  finished  nutritive  media.  The  entire  system  is  placed  in  a 
rack  and  the  medium  is  poured  through  a  funnel  into  the  vessel  Intended 
to  hold  it. 

A  simple,  easily -assembled  device  can  be  used  when  it  is  necessary 
to  pour  out  definite  quantities  of  medium. 

A  paper  cap  Is  placed  over  the  cotton  plug  in  each  flask  or  bottle 
and  fastened  with  fine  binder  twine  or,  far  more  convenient,  a  rubber 

band. 

Special  aluminum  caps  standardized  for  the  standard  test-tube  si¬ 
zes  and  equipped  with  internal  springs  have  recently  come  into  general 

-  224  - 


use  abroad.  These  caps  are  very  convenient  and  ensure  complete  steril¬ 
ity  in  working  with  and  storing  the  test-tubes. 

Methods  of  preparing  basic  media 

Meat  infusions  and  peptone  account  for  the  majority  of  media  used 
to  raise  bacteria. 

Meat  infusion  is  obtained  by  extracting  sausage  meat  with  water 
for  12-24  hr.  The  meat  is  then  pressed  and  the  cloudy  iiquid  obtained 
is  brought  to  the  boiling  point,  which  causes  the  proteins  *hich  it 
contains  to  coagulate.  The  coagulate  is  filtered;  the  weakly  acid  (pH  = 
6.2)  clear  yellowish  liquid  thus  produced  (the  meat  infusion)  lacks 
proteins,  but  contains  small  quantities  of  amino  acid  salts,  carbohy¬ 
drates,  growth  hormones,  and  extractives. 

Peptone  is  the  product  of  comparatively  mild  protein  decomposition 
caused  by  weakly  acidic  or  alkaline  hydrolysis  or  by  enzymatic  cleavage 
of  the  proteins  of  pepsin.  It  was  introduced  into  bacteriological  prac¬ 
tice  in  1882.  Peptone  is  highly  soluble  in  water,  does  not  coagulate 
when  boiled,  and  does  not  precipitate  under  the  action  of  acids.  A 
clear  1%  peptone  solution  to  which  sodium  chloride  and  sodium  nitrate 
have  been  added  is  called  peptone  water  and  is  used  as  an  independent 
nutr.lt l’-e  medium  for  raising  Vibrio  comma.  Peptone  water  containing 
glucose  and  sodium  chloride  is  used  for  determining  the  titre  of  con¬ 
form  bacteria  by  Eichmann's  method,  while  peptone  water  to  which  sodium 
chloride  has  been  added  is  used  as  the  basis  for  colored  media  contain¬ 
ing  carbohydrates. 

A  knowledge  of  the  principal  chemical  indices  of  the  basic  solu¬ 
tions  from  which  nutritive  media  are  made  up  makes  it  possible  to  fol¬ 
low  their  preparation  with  a  high  degree  of  certainty  and  to  compile 
formulas  for  various  media. 
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Neat  from  a  steer,  horse,  or  other  aai&l  Is  freed  of  fat,  tendons, 
and  bones,  passed  through  a  neat  grinder,  and  weighed.  Distilled  water 
Is  then  added  (2  ml  of  water  g  of  meat)  and  the  meat  is  thoroughly 
mixed  and  left  to  stand  in  a  cool  place  for  12-24  hr.  The  mixture  is 
passed  through  a  piece  of  linen  and  squeezed  with  the  hands  or  a  press; 
the  liquid  thus  obtained  should  be  equal  in  volume  to  the  water  origin¬ 
ally  used.  The  filtered  meat  infusion  can  also  be  poured  into  a  bottle 
#  and  1%  chloroform  added.  A  total  of  10  powdered  peptone  and  0.5J|ie JCfuilf 
chloride  la  added  to  the  infusion.  Since  the  latter  exhibits  an  acid 
reaction,  a  saturated  solution  of  sodium  carbonate  (Na2C0^)  is  used  to 
make  It  slightly  alkaline,  as  shown  by  litmus  paper.  To  precipitate  its 
proteins  the  liquid  is  then  boiled  fa*  2  hr  with  continuous  agitation  or 
Sterilized  in  an  autoclave  for  15-20  min  (at  a  pressure  of  1.25  atm  and 
a  temperature  of  115* )•  The  hot  liquid  and  precipitated  proteins  are 
filtered  through  folded  filter  paper  preliminarily  wetted  with  distilled 
v-ter;  the  filtered  liquid  should  be  completely  clear  and  straw-yellow 
In  oolor.  It  s  reaction  (usually  at  pH  *#  7. 1-7. 2)  is  precisely  deter¬ 
mined  with  a  comparator.  It  is  necessary  to  warn  against  making  the  re¬ 
action  too  alkaline,  since  the  broth  then  becomes  cloudy  during  steril¬ 
ization.  The  same  thing  will  happen  if  frozen  meat  is  used  to  prepare 
the  broth.  After  its  reaction  has  been  determined  the  broth  is  poured 
into  a  clean  unsterile  vessel  or  into  test-tubes,  filling  them  no  r.ore 
than  1/3  full.  The  tubes  are  then  sealed  with  cotton  plugs  and  steril¬ 
ized  in  an  autoclave  at  120*  for  15-20  min  (the  final  filtered  broth 
can  be  stored  for  many  months  without  sterilization  if  chloroform  is 
added,  Just  as  meat  infusion;  see  Table  15). 

Liebig's  meat  extract  can  be  used  Instead  of  meat  infusion;  in 
this  case  10  g  of  extract,  0.5  g  of  sodium  chloride,  and  10  g  of  pep- 
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tone  are  usually  added  to  1  liter  of  distilled  water  and  the  mixture  la 
heated  until  the  additives  dissolve,  filtered,  poured  Into  tubes,  and 
sterilized.  Another  formula  calls  for  3  g  of  meat  extract,  5  8  of  pep¬ 
tone,  and  1  liter  of  distilled  water. 

TABLE  15 

Chemical  Indices  of  Ingredients 
and  Meat-Infusion  Broth  used  as 
the  Basis  for  Common  Laboratory 
Media 
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1)  Peptone,  #;  2)  amine  nitrogen,  mg-#;  3)  tryptophan,  mg -#;  4)  meat 
Infusion;  5)  1#  dry  peptone  solution;  6)  meat -Infusion  broth  (100  ml 
of  meat  Infusion,  1  g  of  peptone,  and  0.5  g  of  sodium  chloride). 


Meat -Infusion  agar 

Meat  Infusion  is  prepared  in  the  same  manner  as  for  broth  and  1# 
peptone  and  0.5#  sodium  chloride  are  added;  the  mixture  is  boiled  over 
a  flame  until  all  its  proteins  have  precipitated  and  then  filtered,  its 
reaction  Is  determined,  and  1.5-2#  (15-20  g  per  liter)  of  agar-agar  is 
added.  The  liquid  is  then  boiled  in  a  pot  until  the  agar  has  completely 
dissolved  or  kept  in  an  autoclave  at  115-120°  for  3/4  hr  or  at  100°  for 
1-1  1/2  hr.  The  reaction  Is  then  checked  once  more  and  adjusted  if  ne¬ 
cessary.  If  the  liquid  Is  cloudy  It  Is  clarified  with  protein  by  the 
method  described  above  and  filtered.  The  filtered  agar  is  poured  Into 
test-tubes  In  approximately  5  ml  portions  or  into  0.5-liter  flasks  or 
bottles  in  100-200  ml  portions  and  sterilized  in  an  autoclave  at  120°. 
Strong  heating  has  no  influence  on  the  solidification  of  the  agar,  but 
repeated  heating  and  cooling  reduces  its  density.  The  agar  becomes  soft 


and  exhibits  an  acidic  reaction.  So-called  agar  slants  are  prepared  in 
order  to  obtain  the  maximum  possible  surfaoe  area  for  bacterial  growth. 
The  agar  is  sterilised  in  the  tubes  and  the  latter  are  placed  on  a  ta¬ 
ble  to  solidify,  propped  up  by  glass  tubes  or  rods  or  folded  towels  in 
such  fashion  that  the  upper  portion  of  each  tube  is  only  slightly  high¬ 
er  than  the  lower  portion. 

Agar-agar  is  produced  in  the  USSR,  Japan,  China,  India,  and  the 
Uhlted  States  from  oertain  red  marine  algae  of  the  family  Flondeae.  It 
contains  no  nitrogen,  swells  in  water,  and  produces  a  gel  which  liqui¬ 
fies  on  heating.  Different  brands  of  commercial  agar  produce  gels  which 
liquify  at  temperatures  of  from  70  to  100*  and  solidify  between  40  and 
50*. 

Media  prepared  from  hydrolyzates  of  the  liquid-tryptone  type. 

general  notes.  Hydrolyzates  diluted  with  water  are  used  as  the 
basis  for  Hiss'  and  Levin's  media. 

In  preparing  the  broth  the  hydrolyzate  is  diluted  with  a  phosphate 
mixture  containing  1000  ml  of  tap  water,  7  g  of  purified  sodium  chlor¬ 
ide,  and  1  g  of  Na^POjj  or  KgHPO^. 

Tryptone  broth  (TB)  consists  of  a  hydrolyzate  (1  part  by  volume) 
and  the  aforementioned  phosphate  mixture  (4  parts  by  volume).  The  pH  is 
adjusted  to  7*4,  the  mixture  is  autoclaved  at  0.5  atm  for  5  min  and 
filtered,  its  reaction  is  checked,  and  it  is  poured  into  a  bottle; 
chloroform  is  added  in  a  dose  of  10-20  mg  per  liter  and  the  bottle  is 
closed  with  a  hermetically -fitting  stopper.  The  broth  can  be  stored 
without  sterilisation  indefinitely.  When  needed  some  of  the  broth  is 
poured  into  test-tubes  or  flasks  and  sterilized  at  1  atm  for  15  min. 

Tryptone  agar  (TA)  consists  of  a  hydrolyzate  (1  liter),  the  phos¬ 
phate  mixture  (4  liters),  and  dry  agar  (100  g).  The  mixture  is  placed 
In  an  autoclave,  the  pressure  is  raised  to  1  atm,  and  the  autoclave  is 
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then  shut  off  and  left  to  stand  overnight,  without  being  opened.  In  the 
morning  the  pot  containing  the  agar  Is  removed  from  the  autoclave  and 
the  agar  is  cut  into  pieces  and  emptied  onto  a  piece  of  paper. 

The  residue  is  cut  away  and  the  clear  agar  is  sliced  and  placed  in 
a  wide -mouth  bottle;  a  little  chloroform  (30-40  ml)  is  added.  The  bot¬ 
tle  is  hermetically  stoppered.  When  needed  the  requisite  quantity  of 
agar  is  poured  out  and  melted,  its  reaction  is  adjusted,  and  it  is 
poured  into  test-tubes  and  sterilized  at  120°  and  1  atm  for  15  min. 
Broth  for  rapid  determination  of  lndol  and  hydrogen  sulfide  formation 
This  broth  contains  200  ml  of  egg  hydrolyzate  and  800  ml  of  the 
aforementioned  phosphate  mixture  and  has  a  pH  of  7*4.  Sterilization  is 
carried  out  at  a  pressure  of  0.5  atm  for  5-10  min  (for  clarification). 
The  mixture  is  filtered,  its  reaction  is  checked,  and  it  is  stored  with 
chloroform.  When  needed  1-5  ml  portions  are  poured  into  test-tubes, 
which  are  then  sterilized  at  120°  and  1  atm  for  15  min. 

Indol  formation  is  checked  after  18-14  hr,  pouring  Ehrlich’s  re¬ 
agent  over  the  surface  of  the  medium  (without  ether  extraction).  The 
presence  of  hydrogen  sulfide  is  indicated  by  lead  foil  wetted  with  lead 
acetate,  which  is  introduced  into  the  test-tube  immediately  after  cul¬ 
turing  (the  foil  is  held  between  the  stopper  and  the  wall  of  the  tube). 

Mixing  equal  quantities  of  egg  and  casein  hydrolyzates  yields  very 
good  results.  Media  prepared  from  eggs  and  casein  are  completely  color¬ 
less,  resembling  distilled  water. 

Nutritive  media  prepared  from  yeast 

In  order  to  reduce  the  cost  of  preparing  nutritive  media  attempts 
have  long  been  made  (Shardinger,  1896)  to  replace  animal-protein  deriv¬ 
atives  (peptone)  with  infusions,  extracts,  and  hydrolyzates  of  the 


seeds  and  embryos  of  various  plants  and  of  yeasts. 

Ordinary  brewer's  yeast  or  yeast  fungus  contains  up  to  60%  nitro- 


genous  substances.  Including  the  albumin  cerevisin,  the  protein  zymo- 
oasein,  which  is  similar  to  the  casein  o f  milk  and  the  legumin  of  the 

pea,  globulins,  nucleoprotelns,  nucleic  acids  of  the  rlbose  (cytoplasm) 
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and  deoxyrlbose  (nuclear  chromatin)  types,  and  lecithin.  Yeasts  are 
rich  in  glutathione.  Ergosterol,  glycogen,  mannan,  dextran,  and  various 
pentosans  are  among  the  nonnltrogenous  organic  compounds,  which  make  up 
2-5#  of  the  total.  Yeasts  also  contain  proteolytic  enzymes  cf  the  pa¬ 
pain  polypeptidase,  and  dlpeptldase  types.  Kutcher  (1901)  showed  that 
washed  yeast  cells  kept  at  37*  undergo  autolysis  and  form  products 
characteristic  of  the  tryptic  digestion  of  proteins,  although  the  pro¬ 
cess  occurs  in  the  presence  of  an  acid  reaction  (which  is  typical  of 
papains).  This  property  of  yeasts  is  utilized  in  preparing  media. 

*  Preparation  of  a  yeast  autolyzate.  Pressed  yeast  fungus  is  diluted 
with  water,  1  kg  of  yeast  in  3-5  liters,  and  heated  to  55-58°.  The  mix¬ 
ture  is  thoroughly  stirred  to  obtain  a  uniform  su  spension  and  placed  in 
a  heater  (usually  in  glass  bottles)  at  50-55*  for  18-24  hr.  When  auto- 
digestion  is  complete  the  bottles  containing  the  autolyzate  are  auto¬ 
claved  at  120°  for  15  min.  After  24  hr  the  autolyzate  has  separated  into 
a  clear  light -colored  layer  and  a  residue  of  incompletely  digested 
yeast  cells.  The  autoclaved  autolyzate  can  be  stored  for  future  use. 

The  light -colored  layer  is  usually  used  in  preparing  media,  but  the 
residue  can  alsa  be  employed  for  mass  production. 

Representative  chemical  indices  of  yeast  autoiyzates  Include:  pep¬ 
tone  —  approximately  1 #,  amine  nitrogen  -  280-300  mg-#,  and  free  trypto¬ 
phan  —  150  mg-#. 

The  medium  is  prepared  by  mixing  the  yeast  autolyzate  with  0.5#  of 
sodium  chloride,  0.1#  of  NagHPO^,  and  0.5#  sucrose  (granulated  or  re¬ 
fined  sugar)  to  activate  bacteria]  metabolic  processes  associated  with 
nicotinamide  or  nicotinic  acid. 
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Differential-Diagnostic  Media 

Since  bacteria  contain  enzymes,  some  of  which  decompose  proteins 
and  carbohydrates  to  varying  degrees  while  others  produce  oxidation  and 
reduction  reactions,  various  chemical  processes  occur  during  bacterial 
growth  on  differential-diagnostic  media.  Either  the  changes  which  take 
place  in  the  medium  or  the  corresponding  reactios  are  used  for  diagnos¬ 
tic  purposes. 

All  differential -diagnostic  media  can  be  divided  Into  four  groups. 

First  group.  Media  containing  proteins  in  which  bacterial  enzymes 
piduce  characteristic  changes:  blood,  milk,  gelatin,  coagulated  serum, 
etc.  They  are  used  for  determining  proteolytic  or  hemolytic  activity, 
etc. 

Second  group.  Media  containing  sugars  or  high -molecular -weight  al¬ 
cohols  which  are  decomposed  by  the  appropriate  enzymes  of  certain  mi¬ 
croorganisms  and  alter  the  medium's  reaction,  thus  serving  as  indica¬ 
tors. 

Third  group.  Media  containing  substances  which  are  altered  by  the 
oxidative  or  reductive  action  of  bacteria,  e.g. ,  dyes  such  as  neutral 
red,  methylene  blue,  etc.,  salts  of  telluric  acid,  etc.  Media  contain¬ 
ing  indifferent  substances  which  can  serve  as  a  nutritive  source  for 
some  species  of  bacteria  but  cannot  be  assimilated  by  others.  For  exam¬ 
ple,  media  containing  salts  of  citric  acid  are  used  to  differentiate 
Escherichia  coll,  which  cannot  assimilate  such  compounds,  from  other 
species  of  collform  bacteria,  which  decompose  citrates. 

Media  for  determining  proteolytic  activity 

Nutritive  media  to  Y  ?  used  for  detecting  proteolytic  activity 
should  not  contain  glucose  or  glycerine. 

The  simplest  method  of  determining  proteolytic  activity  Is  punc¬ 
ture  culturing  in  a  column  of  nutritive  gelatin. 
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Nutritive  gelatin.  This  nutritive  medium  Is  prepared  with  the  high- 
quality  gelatin  generally  used  in  food  or  with  that  employed  in  the  man¬ 
ufacture  of  photographic  plates.  We  distinguish  hard,  moderately  hard, 
and  soft  gelatin,  depending  on  its  melting  point  when  swollen  in  water. 
Poorly-solidifying  brands  with  very  low  melting  points  are  often  en¬ 
countered.  The  melting  point  of  hard  gelatin  (10#  solution)  should  be 
between  32  and  3^°,  while  its  solidification  point  should  not  be  below 
22-26*.  Poor  gelatin  often  only  partially  solidifies  at  17-18°.  Good 
brands  of  gelatin  usually  exhibit  a  weakly  acid  reaction  (as  determined 
with  litmus  paper);  such  gelatin  yields  clear  solutions,  in  contrast  to 
alkaline  gelatine,  which  very  often  is  cloudy  or  opalescent  in  solution. 
It  must  be  kept  in  mind  that  the  density  of  the  solidified  gelatin  de¬ 
pends  to  a  large  extent  on  its  reaction;  thus,  at  pH  =  6.3  it  solidi¬ 
fies  poorly  and  at  pH  =  7.7  it  often  does  not  solidify  at  all. 

Preparation  method.  A  single  sheet  containing  200  g  of  foodstuff 
gelatin  (150  g  In  winter)  is  melted  under  constant  agitation  in  10C0  ml 
of  meat -Infusion  broth  (at  pH  *  8.0)  and  brought  to  the  boiling  point. 
The  liquid  is  permitted  to  cool  to  30°  and  two  egg  whites  beaten  until 
they  are  white  are  added.  The  mixture  is  vigorously  stirred  for  5  min 
and  placed  in  a  Koch  flowing-steam  apparatus  for  1  hr.  The  albumin  co¬ 
agulates,  taking  with  it  all  the  turbidity.  The  solution  is  filtered 
through  cotton  (in  a  Koch  apparatus  if  the  room  temperature  is  below 
20°).  The  nutritive  gelatin  thus  obtained  should  be  absolutely  clear. 
Portions  of  5  ml  are  poured  into  test-tubes  and  sterilized  in  a  Koch 
apparatus  for  1  hr  3  times,  on  alternate  days. 

There  Is  also  another  method  for  preparing  nutritive  gelatin:  a 
10#  solution  of  chunked  gelatin  is  added  to  meat-infusion  broth  or  Hot- 
tinger's  broth,  permitted  to  swell,  and  heated  in  a  water  bath  at  40- 
50°.  The  reaction  becomes  acid  after  the  gelatin  has  dissolved;  it  is 
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corrected  by  adding  approximately  2  ml  of  10#  crystalline  sodium  carb¬ 
onate  (NagCO^)  per  100  ml  of  medium  and  then  adjusted  to  pH  -  7* 0-7*1 
with  a  comparator.  After  the  reaction  has  been  adjusted  the  gelatin  is 
filtered  through  a  double  folded  filter  and  a  little  of  the  filtrate  is 
poured  off  into  a  test-tube;  the  liquid  should  be  completely  clear  and 
should  not  become  cloudy  when  boiled.  The  filtered  gelatin  is  poured  in¬ 
to  test-tube  and  sterilized  at  100°  for  up  to  20  min  on  3  consecutive 
days. 

Prolonged  heating  must  be  avoided,  since  high  temperatures  cause 
tie  gelatin  to  lose  its  ability  to  solidify.  It  is  consequently  helpful 
tr  cool  the  gelatin  after  each  sterilization,  immersing  it  in  cold  wa¬ 
ter.  The  test-tubes  are  cooled  in  a  vertical  position,  taking  care  that 
the  upper  surface  of  the  geihtin  column  is  level.  The  gelatin  must  be 
stored  in  a  cool  place.  During  the  hottest  part  cf  the  summer  nutritive 
gelatin  is  usually  prepared  as  a  15#  solution. 

The  meat-infusion  gelatin  "column"  is  inoculated  by  puncture  with 
a  platinum  needle  bearing  the  culture.  The  puncture  must  be  made  in  the 
center  of  the  column  and  the  needle  should  reach  to  the  bottom  of  the 
tube.  The  cultures  are  kept  in  a  vertical  position  at  a  temperature  of 
20-22°. 

The  results  are  evaluated  3  times,  after  1,  10,  and  20  days.  If 
the  bacteria  under  investigation  does  not  grow  at  20°  it  can  be  cul¬ 
tured  in  gelatin  at  37°  or  whatever  temperature  is  optimum  for  it  and 
the  test-tube  is  then  placed  in  a  refrigerator;  the  experimenter  notes 
how  much  longer  the  gelatin  takes  to  solidify  than  uninoculated  gelatin. 
In  order  to  speed  up  the  process  the  inoculated  gelatin  can  be  placed 
in  a  heater  at  37° »  removed  after  1-2  days,  and  cooled  under  running 
cold  water  or  in  a  refrigerator,  checking  to  see  whether  the  gelatin 
has  solidified. 
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Coagulated  horse  serum.  Proteolysis  is  manifested  by  solidifica¬ 
tion  and  formation  of  pits  on  the  surface  of  the  medium. 

Milk  (see  page  240).  In  cultures  raised  on  milk  proteolysis  Is 
manifested  In  homogenization,  slight  clarification  of  the  milk,  and 
dissolving  of  the  casein  coagulate  formed  during  the  first  few  days  of 
bacterial  growth. 

Elchmann's  milk  agar.  A  total  of  1-2  ml  of  sterile  skimmed  milk  Is 
added  to  10  ml  of  melted  sterile  agar  In  a  test-tube,  observing  all 
aseptic  precautions,  and  the  mixture  is  poured  into  Petri  dishes  (clumps 
of  casein  are  formed  when-  the  milk  and  agar  are  sterilized  together). 

The  surface  of  the  medium  is  inoculated  with  the  culture  under  investi¬ 
gation  In  such  fashion  as  to  produce  isolated  colonies.  If  the  bacter¬ 
ium  has  a  proteolytic  action  the  casein  is  peptonized  and  light  aure¬ 
oles  are  formed  around  the  colonies,  against  a  cloudy  background. 

Media  for  determination  of  hemolytic  activity 

The  most  graphic  method  for  detecting  hemolytic  activity  is  to  in¬ 
oculate  the  surface  of  a  special  blood  agar  (see  below)  poured  into  Pe¬ 
tri  dishes  with  the  culture  under  investigation  (by  the  streak  or  spa¬ 
tula  method).  Greatest  activity  is  obtained  at  37°.  Zones  of  clarifi¬ 
cation  are  formed  around  colonies  which  produce  hemolysis,  as  a  result 
of  dissolution  of  the  erythrocytes;  we  distinguish  a-hemolysis,  in 
which  the  colony  is  surrounded  by-  a  greenish  zone,  and  P-hemolysis,  in 
which  the  colony  is  surrounded  by  a  colorless  transparent  zone. 

The  blood  agar  consists  of  95  ml  of  2#  meat -infusion  agar  and  5  ml 
of  defibrinated  horse,  sheep,  or  rabbit  blood. 

Preparation  method.  A  given  quantity  of  agar  is  melted  and  cooled 
to  45°  (the  temperature  should  be  no  higher  tte n  this,  since  the  blood 
will  otherwise  become  darker  in  color). 

The  agar,  in  a  test-tube  or  flask,  is  placed  in  hot  water,  the 


blood  Is  added  with  a  heated  pipette ,  and  the  mixture  Is  thoroughly 
stirred.  The  vessel  containing  the  finished  agar  Is  placed  in  warm  wa¬ 
ter. 

In  order  to  prepare  agar  slants  the  medium  is  dropped  Into  sterile, 
preliminarily  heated  test-tubes  with  a  heated  pipette  and  the  tubes  are 
Immediately  placed  in  an  inclined  pcsition. 

Dishes.  The  prepared  medium  is  first  dropped  into  sterile,  prelim¬ 
inarily  heated  test-tubes  in  10-15  ml  portions  with  a  pipette,  the 
tubes  then  being  placed  in  hot  water.  The  contents  of  the  tubes  are  emp¬ 
tied  into  sterile  Petri  dishes  preliminarily  warmed  in  a  heater,  per¬ 
mitted  to  solidify,  and  dried  in  a  heater.  The  agar  layer  should  be 
cloudy  and  have  a  uniform  reddish  color. 

In  order  to  investigate  a  broth  culture  decreasing  doses  are 
dropped  into  a  series  of  test-tubes  with  a  graduated  pipette  and  the 
liquid  volume  in  each  tube  is  brought  to  2  ml  by  adding  physiological 
solution.  One  drop  of  defribinated  blood  Is  then  added  to  each  of  the 
tubes.  It  Is  necessary  to  set  up  a  control  consisting  of  2  ml  of  phy¬ 
siological  solution  and  a  drop  of  blood.  The  contents  of  the  tubes  are 
mixed  by  shaking  and  the  rack  holding  the  tubes  is  then  placed  in  a 
heater  at  37°  for  2  hr.  When  a  hemotoxin  is  present  the  erythrocytes 
dissolve  and  the  cloudy  suspension  becomes  a  clear  red  solution. 

Media  for  determining  carbohydrate  fermentation 

A  great  many  pathogenic  microorganisms  have  the  ability  to  ferment, 
i.e.,  decompose,  various  carbohydrates  and  high -molecular -weight  dlso- 
hols  to  form  aldehydes,  acids,  and  gaseous  products  (COg,  Hg,  and  CH^). 
Even  within  the  same  genus  there  is  a  great  diversity  with  respect  to 
given  carbohydrates:  some  bacteria  ferment  glucose  and  not  lactose, 
while  others  ferment  glucose  and  lactose  but  not  sucrose;  some  bacteria 
ferment  carbohydrates  to  form  acids  and  gases,  while  others  produce 
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acids  but  not  gases,  etc.  This  specificity  of  the  action  of  differ  at 
microbes  with  various  carbohydrates  and  hlgh-molecular-welght  alcohols 
or,  as  they  are  customarily  termed,  sugars  Is  widely  used  In  bacterio¬ 
logical  practice  for  differentiating  different  genera  of  bacteria.  A 
color  series,  i.e.,  a  series  of  test-tubes  with  nutritive  media  con¬ 
taining  various  carbohydrates  and  indicators.  Is  used  to  detect  the  de¬ 
composition  of  these  sugars;  for  clearer  observation  of  gases  tubes 
sealed  at  one  end  (floats)  are  introduced  Into  the  test-tubes  or  the 
medium  is  made  semifluid  by  adding  0. 2-0. of  agar-agar.  The  reaction 
is  evaluated  from  the  change  in  the  color  of  the  indicator.  In  ordin¬ 
ary  practical  work  the  color  series  consists  of  test-tubes  containing 
sugar  media  (glucose,  lactose,  and  mannose),  which  can  be  supplemented 
with  sucrose,  maltose,  milk  and  lactic  litmus  serum.  Other  carbohydrates 
can  also  be  tested  in  studying  and  determining  atypical  strains. 

The  different  types  of  sugars  and  alcohols  used  for  this  purpose 
should  be  chemically  pure. 

In  order  to  prevent  possible  errors  a  preparation  of  unknown  ori¬ 
gin  must  be  checked  first,  inoculating  the  medium  containing  the  car¬ 
bohydrate  to  be  tested  with  bacteria  known  not  to  decompose  it. 

Colored  media  containing  various  carbohydrates.  A  medium  of  the 
Hiss  type*  containing  1  g  of  peptone  giving  a  red  biuret  reaction,  0.5g 
of  chemically  pure  sodium  chloride,  and  100  ml  of  water  is  preferable 
for  microbes  which  grow  well  on  artificial  nutritive  medium.  The  pep¬ 
tone  and  salt  are  dissolved  in  not  water  for  several  minutes  and  fil¬ 
tered  through  filter  paper;  the  solution  should  be  absolutely  clear. 

It  is  also  possible  to  use  Hottinger's  broth  (100  ml  of  the  basic  hy¬ 
drolysate  and  900  ml  of  Hottinger's  phosphate  mixture)  at  pH  ^  7.0.  A 
total  of  0.5-1#  of  any  of  the  carbohydrates  to  be  used  or  0.2%  of  glu- 
coside  is  dissolved  in  the  medium  and  the  float  and  indicator  are  added. 
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Tincture  of  litmus  (see  page  242) ,  added  in  a  quantity  of  5  ml  per  100 
ml  of  medium,  or  azolitmln,  added  In  a  quantity  of  0.25  5  per  liter, 
are  occasionally  used  for  this  purpose.  Bromthymol  blue  (1  ml  of  a  1.6# 
alcoholic  solution  in  1  liter  of  medium)  is  quite  often  used  instead  of 
litmus,  which  is  reduced  and  decolorized  during  the  growth  of  certain 
bacteria.  A1!  Clark  and  Lebs  indicators  persist  well  in  this  solution. 

If  it  is  uvie: lrable  to  add  alcohol  to  the  medium  saturated  aqueous  so¬ 
lutions  of  the  indicator  are  prepared  (see  page  242)  and  used  in  quan¬ 
tities  of  2  ml  per  liter  of  medium. 

A  medium  containing  bromthymol  blue  should  be  grass-green  when  its 
reaction  is  neutral,  yellow  when  its  reaction  is  acid,  and  blue  when  its 
reaction  is  alkaline. 

In  addition  to  the  aforementioned  indicators,  Bronfenbrenner  pro¬ 
posed  a  mixture  of  analine  blue  and  corail in  (or,  better,  its  sodium 
salt,  since  corallin  is  toxic  for  gran -positive  microorganisms),  the 
so-called  CR  indicator.  This  mixture  consists  of  equal  volumes  of  2# 
corallin  in  50#  alcohol  and  1#  aqueous  analine  blue.  A  total  of  0.25  ml 
of  the  indicator  is  added  to  100  ml  of  the  nutritive  medium  and  the  me¬ 
dium  reaction  is  preliminarily  adjusted  to  pH  =»  6. 8-7.0.  At  this  pH  the 
medium  is  yellowish  after  sterilization  and  its  color  changes  are  the 
opposite  of  those  of  litmus,  t.e.,  it  becomes  red  when  alkaline  and 
blue  when  acid.  The  Dry-Media  Laboratory  of  the  TsIEM  [Central  Insti¬ 
tute  of  Epidemiology  and  Microbiology]  produces  dry  media  containing 
the  indicator  VR,  which  also  has  the  properties  described  above,  for 
the  color  series. 

Hiss1  solid  media  containing  carbohydrates  and  Andrade’s  indica¬ 
tor.  The  total  of  1000  ml  of  distilled  water,  20  g  of  dry  peptone,  and 
5  g  of  sodium  chloride  are  mixed,  boiled,  adjusted  to  pH  =  7.6,  poured 
into  bottles,  and  sealed  with  cotton  plugs.  The  bottles  are  sterilized 
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at  120*  for  15  min,  cooled  to  37*  after  sterilization,  and  Inoculated 
with  a  18-hr  culture  of  a  conform  bacterium  (Esch.  communion  Is  best) 
in  order  to  destroy  all  traces  of  carbohydrates;  the  medium  Is  then 
kept  In  a  heater  at  37*  for  24  hr. (this  precaution  destroys  the  carbo¬ 
hydrates  which  certain  brands  of  peptone  contain).  The  bottles  are  then 
sterlllzec  In  a  Koch  apparatus  for  30  min.  Some  of  the  liquid  Is  poured 
off  from  each  of  the  bottles  and  the  reaction  Is  adjusted  to  pH  «=  7.0. 
Finely  chopped  agar  Is  added  In  quantities  of  5  g  per  liter  of  liquid. 

A  total  of  10  ml  of  Andrade's  Indicator*  Is  then  added  for  each  liter 
of  the  basic  medium.  The  solution  Is  stirred  and  poured  Into  bottles  In 
200  ml  portions.  Portions  of  1  g  of  glucose,  lactose,  mannose,  sucrose, 
and  maltose  are  weighed  out  and  Introduced  Into  the  appropriate  bottles. 
The  latter  are  placed  In  a  water  bath  for  10  min  and  then  shaken  and 
4  ml  portions  of  the  medium  are  poured  Into  test-tubes  (each  carbohy¬ 
drate-containing  medium  is  poured  through  a  separate  funnel,  in  order 
to  avoid  mixing  the  carbohydrates).  The  tubes  are  sterilized  for  20  min 
at  115°  and  the  medium  is  permitted  to  solidify  Into  columns,  keeping 
the  tubes  vertical.  Each  tube  Is  immediately  labeled  with  glass -marking 
crayons  or  ink  to  show  the  type  of  sugar  (using  abbreviations).  The 
finished  Hiss  media  containing  Andrade  's  Indicator  are  colorless  or 
slightly  yellowish.  They  become  straw-colored  when  acids  are  formed. 

The  media  should  be  stored  in  a  cold,  dark  place. 

Sterilization  of  carbohydrate -containing  media.  Media  to  which 
carbohydrates  have  been  added  usually  cannot  be  sterilised  under  pres¬ 
sure.  They  are  poured  Into  sterile  test-tubes  after  the  indicator  has 
been  added  and  are  sterilized  at  100°  for  20  min  on  3  consecutive  days.* 
However,  In  order  to  speed  up  the  process  the  tubes  can  in  some  cases 
be  sterilized  In  an  autoclave  for  20  min  at  115°.  If  the  reaction  of 
the  carbohydrate-containing  medium  is  above  pH  =  7.0  it  often  becomes 
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so  acid  after  sterilization  that  Its  pH  reaches  6.0,  especially  when  it 
contains  glucose  or  lactose.  Attempts  to  prevent  or  correct  this  by 
adding  an  excess  of  alkali  before  sterilization  do  not  work,  since  the 
Increase  in  the  number  of  hydroxyl  ions  from  the  sugar  causes  formation 
of  large  quantities  of  acid  products.  Exposure  of  the  sugar  to  an  al¬ 
kali  produces  many  different  substances.  Including  acids  ranging  from 
saccharic  to  lactic.  The  reactions  of  such  media  should  consequently  be 
adjusted  as  carefully  as  possible,  never  lying  outside  pH  =  7* 1-7* 2. 

If  it  is  necessary  to  Investigate  the  enzymatic  activity  of  bac- 
te  .’la  which  grow  poorly  or  not  at  all  on  peptone  media  Hiss'  original 
medium  is  used:  25  ml  of  water  in  which  1  g  of  the  carbohydrate  neces¬ 
sary  for  the  investigation  (glucose,  lactose,  etc.)  has  been  dissolved 
is  added  to  75  ml  of  sterile  bovine  (not  equine)  serum.  The  sugar  is 
dissolved  in  distilled  water,  boiled,  cooled,  and  then  mixed  with  the 
serum. After  the  sugar  has  been  added  an  equal  amount  of  a  sterile  aque¬ 
ous  solution  of  the  indicator  is  run  in.  The  mixture  Is  poured  Into 
sterile  test-tubes,  which  are  kept  in  a  heater  at  37°  for  24  hr. 

Peshkov's  medium  for  macroscopic  determination  of  mobility  and  of 
acid  and  gas  formation  from  glucose. 

I.  Hottinger's  hydrolyzate  -  100  ml,  tap  water  -  900  ml,  glucose  - 
10  g.  The  mixture  is  adjusted  to  pH  =  7.2. 

II.  Hydrolyzate  diluted  by  a  factor  of  10  and  adjusted  to  pH  «*  7.2 
is  used  to  prepare  1.2#  agar.  The  agar  is  clarified  with  egg  white  and 
filtered  through  filter  paper  (in  an  autoclave)  and  100  ml  portions  are 
poured  into  flasks,  which  are  sterilized  at  120°  and  1  atm  for  15  min. 

A  total  of  100  ml  of  the  1.1-1. 2#  filtered  agar  is  added  tc  each  900  ml 
of  the  diluted  glucose -containing  hydrolyzate. 

At  this  point  4  ml  of  a  1#  alcoholic  bromthymol  blue  solution  or 
10  ml  of  Andrade's  indicator  is  added  to  1000  ml  of  the  medium.  The 
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mixture  la  poured  Into  a  bottle,  20-30  ml  of  chloroform  per  liter  Is 
added,  and  the  bottle  la  hermetically  sealed.  When  needed  the  requisite 
quantity  of  medium  la  poured  into  test-tubes  in  deep  columns  (6-7  cm) 
and  aterlllzed  at  112*  and  0.5  atm  for  20  min.  The  medium  should  be  ab¬ 
solutely  clear,  having  a  greenish  color  when  it  contains  bromthymol 
blue  and  being  colorless  when  it  contains  Andrade's  indicator.  The  cul¬ 
ture  la  made  within  the  column.  Immobile  bacteria  grow  as  stalagtltes 
or  finger-like  branches  through  the  medium.  The  space  between  the  bran¬ 
ches  should  remain  crystal  clear.  Labile  bacteria  grow  uniformly  through¬ 
out  the  entire  medium,  as  shown  by  its  uniform  clouding.  A  change  in  the 
color  of  the  Indicator  (to  yellow  with  bromthymol  blue  or  red  with  An- 
drade‘3  indicator)  shows  that  acids  have  been  formed  from  the  glucose. 
Alkalization  of  the  medium  is  indicated  when  it  turns  blue  (if  the  in¬ 
dicator  Is  bromthymol  blue). 

Formation  of  gases  is  Indicated  by  a  persistent  froth  on  the  sur¬ 
face  of  the  medium. 

Highly  aerobic  bacteria  (e.g..  Pseudomonas  aeruginosa,  B.  fluores- 
cens,  Alcaligenes  faecalis)  form  only  a  surface  film.  This  medium  fur¬ 
nishes  a  reliable  mobility  control  when  used  as  a  hanging  drop  with  a 
microscope. 

Milk.  The  milk  is  first  freed  of  cream  (by  standing  and  skimming, 
but  better  by  drawing  it  from  a  separator)  and  its  reaction  is  tasted 

J 

with  litmus:  It  should  be  slightly  alkaline.  The  milk  is  poured  into 
test-tubes  and  sterilized  at  100°  for  30  min  on  3  consecutive  days. 

Milk  sterilized  at  115°  often  spoils,  since  its  casein  is  peptonized 
and  Its  lactose  caramelized  (turned  yellow)  at  this  temperature. 

Milk  mixed  with  water  and  litmus  is  Minkevich's  medium.  A  total  of 
0.5  liter  of  fresh  milk  is  used  (a  meat -red  color  should  be  obtained 
when  a  drop  of  1#  aqueous  neutral  red  is  added  to  5  ml  of  the  milk).  A 
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straw  color  Indicates  an  acid  reaction  and  such  milk  is  not  suitable. 
The  milk  is  boiled,  mixed  with  0.5  ml  of  distilled  water  and  30  nil  of 
tincture  of  litmus  (see  page  242),  and  poured  into  a  bottle  and  50  ol 
of  chloroform  is  added.  The  bottle  is  closed  with  a  tight-fitting  stop¬ 
per,  shaken,  and  left  in  a  dark  place  for  2-3  days.  The  chloroform, 
which  is  heavier  than  water,  settles  to  the  bottom  and  takes  with  it 
the  cream  which  it  has  dissolved.  The  defatted  Minkevich’s  medium  is 
carefully  drawn  off,  leaving  the  cream,  and  5  ®1  portions  are  poured 
into  test-tubes,  which  are  sterilized  at  115°  for  20  min.  When  taken 
fvm  the  autoclave  the  medium  is  yellow  in  color  as  a  result  of  reduc¬ 
tion  of  the  litmus;  its  natural  violet  color  returns  only  after  a  few 
hours. 

Chloroforming  the  milk  is  an  extremely  convenient  method  of  defat¬ 
ting  and  simultaneously  preserving  the  medium.  Preliminary  boiling  is 
obligatory,  since  the  natural  proteases  of  the  milk  would  otherwise 
cause  sterile  peptonization. 

Petrushkl's  litmus  serum.  Equal  quantities  of  milk  and  distilled 
water  are  heated  to  40-45°  and  5#  sulfuric  acid  is  carefully  added  un¬ 
til  all  the  casein  has  precipitated  (checking  the  filtrate).  A  slight 
excess  of  acid  is  added  and  the  solution  is  filtered.  The  filtrate  is 
usually  cloudy  and  this  is  no  cause  for  concern.  The  filtrate  is  neu¬ 
tralized  with  a  saturated  sodium  carbonate  (NagCO^)  solution  and  heated 
in  a  flask  in  a  pot  containing  boiling  water  for  1  hr;  the  reaction  is 
checked  from  time  to  time  and  should  become  acid,  then  being  neutral¬ 
ized  with  IjS  sodium  carbonate.  The  greenish  liquid  containing  a  copious 
amorphous  residue  thus  obtained  is  permitted  to  cool  and  filtered 
through  a  double  layer  of  filter  paper  without  agitation.  A  completely 
clear  greenish  filtrate  which  yields  a  neutral  or  amphoteric  (the  lat¬ 
ter  being  better)  reaction  with  litmus  should  be  obtained.  A  total  of 
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5#  of  tincture  of  litmus  is  added  and  the  mixture  is  poured  into  ster¬ 
ile  test-tubes  and  sterilized  in  flowing  steam  for  30  min  on  3  consecu¬ 
tive  days. 

Tincture  of  litmus.  Preparation  begins  with  pulverization  of  80  g 
of  granular  litmus  in  a  mortar  and  addition  of  150  ml  portions  of  water. 
The  resultant  mixture  is  poured  into  a  flask  and  gently  heated  in  a  wa¬ 
ter  bath.  The  liquid  is  decanted  and  300  ml  of  40#  alcohol  (125  ml  of 
95#  alcohol  diluted  to  300  ml  with  water)  is  added  to  the  residue;  the 
mixture  is  then  heated  for  1  min.  The  alcoholic  extract  is  decanted, 
mixed  with  the  first  aqueous  extract,  permitted  to  settle  (overnight), 
decanted  or  filtered  through  paper,  and  mixed  with  300  ml  of  40#  alco¬ 
hol.  One -normal  hydrochloric  acid  is  added  drop  by  drop,  shaking  occa¬ 
sionally,  until  the  solution  is  no  longer  violet.  A  total  of  1-2  ml  of 
acid  for  each  100  ml  of  extract  is  usually  required.  When  its  reaction 
is  correctly  adjusted  the  solution  should  be  blue  in  tap  water  and  vio¬ 
let  in  boiling  distilled  water.  Tincture  of  litmus  prepared  in  this 
manner  remains  unchanged  for  a  very  long  period. 

Zeltz's  artificial  litmus  serum.  Preparation  of  litmus  serum  from 
milk  requires  a  great  deal  of  time  and  accuracy,  so  that  it  is  simpler 
to  use  Zeltz's  artificial  litmus  serum,  which  gives  the  same  results  as 
natural  serum.  The  following  Ingredients  are  dissolved  in  1000  ml  of 
distilled  water:  20  g  of  chemically  pure  lactose,  0.4  g  of  chemically 
pure  dextrose,  0.5  g  of  sodium  hypophosphate,  1  g  of  ammonium  sulfate, 

2  g  of  sodium  citrate,  5  g  of  chemically  pure  sodium  chloride,  0.05  g 
of  Witte  peptone,  and  0.25  g  of  azolitrain. 

The  solution  is  poured  into  sterile  test-tubes  and  sterilized  at 
100°  for  15  min  on  3  consecutive  days. 

The  Witte  peptone  can  be  replaced  by  Hottinger  hydroiyzate,  adding 
the  latter  in  a  quantity  of  50  ml  per  liter  of  medium. 
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Media  for  determining  the  rate  of  acid  formation  from  glucose 

1.  Reaction  with  methyl  red  In  Clark's  medium. 

Clark's  medium  Is  made  up  by  mixing  0.5  g  of  peptone,  0.5  g  of 
glucose,  and  0.5  g  of  KgHPO^  In  a  mortar  and  dissolving  them  In  80  ml 
of  distilled  water  under  constant  agitation;  the  solution  Is  then  heat¬ 
ed  In  a  water  bath  for  20  min,  filtered  through  filter  paper,  cooled  to 
20°,  and  brought  to  a  total  volume  of  100  ml  with  distilled  water.  Por¬ 
tions  of  5  ml  are  poured  into  test-tubes,  which  are  sterilized  at  100° 
on  3  consecutive  days.  A  total  of  5  drops  of  a  0.04#  methyl  red  solu¬ 
tion  (1  ml  of  1.6#  alcoholic  methyl  red  and  39  ml  of  95°  alcohol;  the 
solution  can  be  stored  for  an  indefinite  period)  are  added  to  5  ml  of 
a  4-day  culture. .When  acid  formation  is  intense  (pH  <  5.0)  the  culture 
becomes  red,  while  when  formation  Is  weak  (pH  >  5.0)  it  becomes  yellow. 
The  reaction  Is  designated  as  MR+  for  red  and  MR-  for  yellow. 

2.  Foges-Proskauer 's  reaction.  Formation  of  acetylmethylcarbinol 
from  glucose. 

For  this  reaction  the  culture  is  transferred  to  Clark's  medium 
(see  methyl-red  reaction)  and  incubated  for  5  days  at  30°.  At  this 
point  1  ml  of  10#  aqueous  potassium  hydroxide  is  added  to  5  ml  of  the 
culture  and  it  is  placed  in  a  heater  at  37°.  Staining  is  gradual  and 
the  reaction  is  evaluated  after  18-24  hr.  A  reddish  color  with  yellow 
fluorescence  (characteristic  of  alcoholic  eosin  solutions)  indicates  a 
positive  result.  If  the  medium  remains  unchanged  in  color  (colorless) 
the  result  is  negative.  This  reaction  is  usually  obtained  in  bacteria 
which  ferment  glucose. 

The  reaction  is  apparently  absolutely  clear  in  cultures  of  bacter¬ 
ia  which  give  a  negative  reaction  with  methyl  red  (pH  >5.0). 

Media  for  determining  starch  hydrolysis  (amylolytlc  activity). 
Starch  agar  is  made  up  as  follows:  0.2  g  of  dissolved  starch  boiled 
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in  5  ml  of  distilled  water  is  added  to  100  ml  of  ordinary  melted  nutri¬ 
ent  agar  and  the  mixture  is  poured  into  dishes ,  permitted  to  solidify , 
dried,  and  inoculated. 

In  Debout's  method  for  preparing  dissolved  starch  ordinary  potato, 
wheat,  or  rice  starch  is  treated  with  1-2#  hydrochloric  acid  at  53°  for 
18-20  hr.  The  acid  should  be  taken  in  a  quantity  sufficient  that  a  con¬ 
sistency  equivalent  to  that  of  thickened  milk  is  obtained  when  it  is 
mixed  with  the  starch  and  shaken.  Heating  continues  until  the  starch 
sanple  is  vholly  dissolved  in  the  hot  water.  The  starch  is  permitted  to 
stand  and  the  acid  is  added;  the  latter  is  then  washed  from  the  starch 
by  rinsing  it  several  times  with  cold  water,  permitting  it  to  stand 
each  time,  and  decanting  the  remaining  liquid.  Washing  continues  until 
a  neutral  reaction  is  obtained  with  litmus:  the  last  portion  of  water 
is  then  poured  off  and  the  starch  is  left  to  dry  at  room  temperature. 

Many  pathogenic  bacteria  produce  a  diastatic  enzyme  which  converts 
starch  to  sugar.  In  order  to  detect  this  type  of  activity  the  bacterium 
under  investigation  is  cultured  on  a  dish  containing  starch  agar  and 
placed  in  a  heater  at  37° •  The  culture  is  examined  after  24  hr  if  the 
bacterium  grows  well  and  after  7  days  if  it  grows  slowly.  The  surface 
of  the  dish  is  flooded  with  a  saturated  and  filtered  solution  of  iodine 
in  50°  alcohol;  this  solution  is  permitted  to  stand  until  the  medium 
acquires  a  dark  blue  color  and  the  dish  is  then  examined  in  transmitted 
light.  The  extent  of  the  cler.r  colorless  zones  around  the  colonies  in¬ 
dicates  how  intensively  the  starch  has  been  hydrolyzed. 

Media  for  determining  reductive  activity 

Media  containing  dyes.  The  ability  of  bacteria  to  decolorize  (oxi¬ 
dize  or  reduce)  certain  organic  dyes  and  convert  them  to  colorless  leu- 
cobases,  which  regain  their  basic  color  when  a  copious  oxygen  supply  is 
present,  is  called  their  reductive  capacity,  using  Ehrlich's  terminol- 


ogy.  Among  the  dyes  suitable  for  determining  reductive  capacity  are 
methylene  blue,  thionine,  litmus,  indigo  carmine,  neutral  red,  etc. 

Many  dyes,  such  as  methyl  violet,  are  unsuitable  for  the  reduction 
test,  since  they  retard  bacterial  growth  and  can  themselves  alter  the 
medium. 

The  aforementioned  dyes  are  added  to  ordinary  broth  or  agar  to  de¬ 
termine  the  reductive  properties  of  microorganisms. 

One  drop  of  1#  aqueous  methylene  blue  or  3-4  drops  of  tnis  solu¬ 
tion  diluted  to  0.5:1000  (1  ml  of  0.5#  aqueous  methylene  blue  and  9  ml 

v 

o“  water)  are  added  to  the  test-tube  containing  the  broth  (5  ml). 

The  reduction  of  the  methylene  blue  is  evaluated  after  incubation 
at  37°  for  24  hr  (complete  decolonization  indicates  a  positive  reaction, 
a  green  tint  a  weakly  positive  reaction,  and  no  decolonization  a  nega¬ 
tive  reaction). 

Tincture  of  litmus  is  added  in  a  quantity  of  one  drop  for  each  5  ml 
of  medium.  The  advantage  of  this  dye  is  the  fact  that  it  can  be  used  to 
determine  both  the  reduction  (from  its  decolonization)  and  the  change  in 
pH  (its  violet  hue  changing  to  red  or  blue). 

j 

Indigo  carmine  (sodium  indigo  sulfate)  is  added  in  a  quantity  of 
1  ml  of  a  5#  solution  for  each  100  ml  of  sterile  medium  or  one  drop  for 
each  5  ml  of  broth.  The  dye  solution  is  sterilized  separately.  It  must 
be  kept  in  mind  that  this  dye  is  also  decolorized  as  a  result  of  oxida¬ 
tion.  It  is  easy  to  determine  whether  we  are  dealing  with  reduction  or 
oxidation:  if  the  dye  regains  its  color  when  brought  into  contact  with 
air  (by  shaking  the  medium)  decolorization  resulted  from  reduction. 

Neutral  red  is  used  in  a  2#  aqueous  solution  (1-2  drops  in  a  test- 
tube  full  of  medium). 

Reduction  caused  by  bacteria  with  strong  reducing  properties  can 
be  detected  very  quickly  in  broth;  with  weakly  reductive  bacteria  it  is 
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necessary  to  pour  a  layer  of  sterile  liquid  paraffin  or  vaseline  oil 
over  the  surface  of  the  medium*  so  that  the  gradual  is  not  halted  by 
oxidation  where  the  medium  comes  Into  contact  with  the  air. 

Stab  cultures  In  agar  are  recommended  for  this  purpose.  Such  cul- 
tures  permit  observation  of  the  gradual  reduction  (decolonization)  with¬ 
in  the  puncture.  It  is  also  necessary  to  have  a  control  tube  containing 
the  same  medium,  to  be  sure  that  the  medium  has  not  undergone  autoreduc- 
tion. 

Media  containing  nitrates.  In  microbiology  the  term  nitrate  reduc¬ 
tion,  or  denitrification,  is  used  to  refer  to  the  ability  of  bacteria 
to  reduce  salts  of  nitric  acid  (nitrates)  to  salts  of  nitrous  acid  (ni¬ 
trites)  and  then  to  ammonia  or  free  nitrogen.  Many  pathogenic  bacteria 
are  capable  of  reducing  nitrates  to  nitrites. 

In  view  of  the  wide  occurrence  of  nitrites  in  nature  it  is  neces¬ 
sary  to  use  especially  carefully  washed  vessels  and  chemically  pure  in¬ 
itial  ingredients. 

A  total  of  0.2#  of  nitrite-free  potassium  nitrate  (KNO^)  is  added 
to  nitrite-free  meat-infusion  broth  (checked  with  the  reagent  described 
below),  the  mixture  is  again  checked  for  nitrites,  and  5  ml  portions 
are  poured  into  test-tubes.  The  latter  must  be  washed  5  times  with  tap 
water.  They  are  then  sterilized  for  15  min  at  120°  and  the  results  are 
evaluated  3  days  after  culturing. 

Preparation  of  reagent:  solution  I:  1  g  of  dissolved  starch,  0.5  g 
of  potassium  iodide,  and  100  ml  'of  distilled  water.  The  starch  is  dis¬ 
solved  in  boiling  water,  permitted  to  cool,  and  mixed  with  the  potas¬ 
sium  iodide. 

Solutlon;II:  10#  chemically  pure  sulfuric  acid.  Equal  parts  of 
solutions  I  and  II  are  mixed  before  the  reaction  is  carried  out.  The 
reagent  is  usable  for  15  min. 
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Portions  of  1  ml  of  the  reagent  are  added  to  each  of  the  tubes 


containing  the  inoculated  nitrate  broth.  A  dark  blue  color  is  obtained 
if  the  nitrate  is  reduced  to  nitrite,  since  metallic  iodine  is  liberated 


from  the  potassium  iodide  and  interacts  with  the  starch. 


Some  bacteria  completely  decompose  both  nitrates  and  nitrites.  In 


order  to  check  this  a  pinch  of  powdered  or  granulated  zinc  is  added  to 


the  test-tubes  containing  cultures  which  yielded  negative  reactions. 


The  fluid  should  immediately  turn  blue.  If  the  broth  does  not  turn  blue 


after  the  zinc  is  added  all  the  nitrate  and  nitrite  in  the  culture  un¬ 


investigation  has  been  completely  decomposed  (M.  A.  Peshkov).  This 


reaction  is  based  on  the  fact  that  zinc  liberates  hydrogen  from  sulfur¬ 


ic  acid.  This  hydrogen  reduces  the  nitrate  to  nitrite,  which  then  re¬ 


acts  with  the  potassium  iodide.  Qriss's  reagent  is  often  used  in  place 


of  the  starch-iodine  reagent. 


Two  solutions  are  prepared  separately:  1.  A  total  of  0.2  g  of 


naphthylamine  (C10HyN2)  and  20  ml  of  distilled  water  are  heated  in  a 
porcelain  dish  and  the  resultant  solution  is  carefully  poured  into  150 


ml  of  12#  acetic  acid.  Violet  drops  of  undissolved  naphthylamine  should 


remain  in  the  dish. 


2.  A  total  of  0. 5  g  of  sulfanilic  acid  (CgH^NH^ •SO^H,  sulfamido- 
benzoic  acid)  is  dissolved  in  150  ml  of  12#  acetic  acid.  The  two  solu¬ 


tions  are  mixed  and  stored  in  brown  bottles  with  tightly -fitting  stop¬ 


pers.  Oriss '  reagent  should  be  colorless  and  it  must  consequently  be 


prepared  rapidly  and  in  a  carefully  washed  vessel.  If  it  becomes  red¬ 


dish  immediately  after  preparation  or  sometime  later  it  cannot  be  used. 


Media  containing  substances  assimilated  by  only  certain  bacteria 


Simmons [  citrate  agar.  This  agar  is  made  up  of  5  g  of  sodium  chlor¬ 


ide,  0.2  g  of  magnesium  sulfate,  1  g  of  monobasic  ammonium,  2.77  g  of 


sodium  citrate,  1  liter  of  distilled  water,  20  g  of  agar-agar,  and  10 


-  247  - 


<3*  -  *  ^ 


ml  of  1.5#  alcoholic  bromthymol  blue;  it  is  brought  to  pH  7*2  and 
sterilized  for  15  min  at  120*.  Escherichia  coli  does  not  grow  on  this 
medium  and  does  not  change  its  olive  color.  Aerobacter  aerogenes  grows 
well*  alkalizing  the  medium  and  causing  it  to  turn  a  deep  blue  (when 
bromthymol  blue  is  used  as  the  indicator). 

DRY  NUTRITIVE  MEDIA 

N.V.  Plosklrev,  Candidate  of  Biological  Sciences 

Dry  media  are  loose  grayish  or  reddish  powders  and  have  a  number 
of  advantages  over  media  prepared  in  the  usual  manner.  They  can  be 
stored  for  up  to  5  years  in  a  cool,  dry,  dark  place  in  hermetically 
sealed  containers  (glass  jars  with  resin-sealed  screw  caps)*  Dry  pre¬ 
parations  can  be  shipped,  are  convenient  to  use,  and  make  it  easy  to 
obtain  comparable  results  in  bacteriological  investigations. 

Solid  media  for  Isolating  bacteria  consist  of  a  nutritive  base, 
agar-agar,  indicators,  and  other  organic  and  mineral  compounds  which 
accelerate  the  growth  of  some  bacteria  and  retard  the  development  of 
others. 

Meat-infusion  broth  and  tryptic  hydrolyzates  of  beef,  grain  and 
leguminous  crops  (wheat,  corn,  soy  beans,  peas,  etc.),  technical  pro¬ 
tein  products  (whale  and  fish  meal,  casein,  yeasts,  etc.  ),  noncommer¬ 
cial  fish,  and  other  waste  products  are  used  as  the  basis  of  media  for 
raising  bacteria  of  the  coliform,  typhoid,  and  dysentery  groups.  Be¬ 
cause  of  the  nonstandard  character  of  these  products  it  is  Difficult  to 
use  them  to  produce  uniform  nutritive  media. 

Synthetic  nutritive  media  are  more  standardized  However,  they 
often  contain  glucose  and  other  carbohydrates,  which  reduce  their  dif¬ 
ferential  properties.  In  addition,  synthetic  media  containing  amino 
acids,  vitamins,  and  other  organic  compounds  in  definite  proportions 
are  economically  infeasible.  Protein  products  consequently  continue  to 
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be  employed  In  the  production  of  nutritive  media  for  Isolating  and  dif¬ 
ferentiating  bacteria. 

Tryptic  hydrolyzates  from  fish  and  whale  meal,  noncommercial  fish, 
and  other  wastes  from  commercial  fish  are  used  as  the  nutritive  basis 
for  the  dry  media  produced  in  the  USSR. 

Dry  nutritive  broth  is  prepared  by  drying  tryptic  hydrolyzates  of 
fish  or  whale  meal  or  waste  products  from  commercial  fish.  It  contains 
approximately  3 #  amine  nitrogen,  10#  total  nitrogen,  5-8#  moisture,  30# 
ash,  and  25#  chlorides. 

In  order  to  prepare  a  nutritive  broth  2-3  g  of  the  dry  preparation 
Is  added  to  100  ml  of  distilled  water  and  sterilized  for  20  min  at  120°. 
This  liquid  medium  is  suitable  for  culturing  bacteria  of  the  colon 
group  and  other  microbes.  After  24  hr  of  incubation  at  37°  cultures 
grown  in  tubes  containing  this  broth  produce  approximately  2  billion 
Escherichia  coll,  1  billion  S.  typhi,  0.5  billion  Shig.  dysenteriae, 
or  0.5  billion  Sch.  flexneri  per  ml  of  medium.  In  order  to  prepare  a 
solid  medium  1.5-2. 5#  of  agar-agar  is  added  to  the  broth. 

Dry  nutritive  agar  is  produced  in  the  USSR  by  the  method  developed 
by  N.V.  Ploskirev  and  A.N.  Bitkova  (19^7)*  In  this  method  agar-agar  is 
impregnated  with  a  concentrated  nutritive  base,  dried,  and  powdered. 

A  tryptic  hydrolyzate  of  fish  or  whale  meal  is  concentrated  to  a  dry- 
residue  content  of  50#  by  evaporation  and  mixed  with  highest -quality 
frozen  cake  agar-agar  in  a  ratio  of  4:1.  Autolyzates  of  sprats  and  fish 
entrails  are  also  used  for  preparing  dry  nutritive  agar  (N.A.  Likhvar', 
P.F.  Chanpalov,  S.F.  Bubes,  V.O.  Migayev,  et  al.,  1956). 

Dry  nutritive  agar  contains  approximately  5#  total  nitrogen,  2# 
amine  nitrogen,  4#  moisture,  20#  ash,  and  18#  chlorides  and  is  a  loose 
yellowish  hydroscopic  powder.  In  making  up  the  medium  5  g  of  the  dry 
preparation  is  added  to  100  ml  of  distilled  water  and  the  mixture  is 
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boiled  until  the  agar  melts ,  poured  into  test-tubes,  and  sterilized  for 
20  min  at  120*.  The  solid  medium  has  a  gel  strength  of  up  to  500  g  on 
the  Valenti  apparatus  and  a  pH  of  7* 3-7* 5*  It  is  suitable  for  culturing 
coliform  and  other  bacteria.  Up  to  3  billion  S.  typhi  or  2  billion 
Schig.  flexneri  per  ml  of  medium  can  be  grown  in  test-tubes.  Dry  nutri¬ 
tive  agar  is  also  used  as  a  base  for  preparing  dry  media  for  isolation 
and  differentiation  of  coliform  bacteria. 

Dry  media  for  isolating  and  differentiating  bacteria  are  produced 
in  the  Soviet  Union  by  the  rather  simple  method  proposed  by  N.V.  Plos- 
kirev  (1942)}  it  consists  in  thoroughly  mixing  powdered  dry  ingredients. 
The  preliminarily  tested  powdered  ingredients  for  a  given  medium  are 
poured  into  a  ball  mill  in  definite  quantities  and  thoroughly  mixed  to 
yield  a  uniform  final  povder. 

Dry  bismuth  sulfite  agar  is  used  for  isolating  the  causative 
agents  of  typhoid  and  paratyphoid  from  infectious  material.  The  composi¬ 
tion  of  this  dry  preparation  is  shown  in  Table  15a. 

In  preparing  the  solid  medium  6  g  of  the  dry  preparation  is  added 
to  100  ml  of  distilled  water  and  the  mixture  is  heated  until  the  agar 
dissolves,  cooled  to  50* ,  shaken  in  order  to  distribute  the  residue  un¬ 
iformly,  and  poured  into  Petri  dishes.  The  latter  are  left  open  to  per¬ 
mit  the  medium  to  solidify  and  then  dried  in  a  heater  for  1  hr.  This 
solid  bismuth  sulfite  medium  greatly  retards  the  growth  of  Escherichia 
coli  and  other  bacteria  of  the  human  intestinal  microflora,  which  makes 
it  possible  to  culture  large  quantities  of  material.  When  100,000  Es¬ 
cherichia  coli  and  100  S.  typhi  in  0.05  ml  of  physiological  solution 
are  cultured  on  a  dish  and  permitted  to  dry  uniformly  over  the  surface 
of  the  medium  during  a  24-hr  period  at  37°  *  isolated  col '""l ere  colonies 
of  E.  coll  end  black  colonies  of  S.  typhi  surrounded  by  shining  silver 
aureoles  are  produced.  The  blackening  is  caused  by  the  bismuth,  which 
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is  converted  from  bismuth  citrate  to  bismuth  sulfide  under  the  action 
of  the  metabolic  products  of  typhoid -paratyphoid  bacteria.  The  growth 
of  the  latter  is  not  retarded,  but  the  development  of  the  E.  coli  is 
suppressed.  The  brilliant  green  and  sodium  sulfite  in  the  medium  also 
severely  suppress  E.  coli  and  other  coliform  bacteria. 

Dry  Engo  agar  Is  used  for  isolating  coliform  bacteria  from  water, 
foodstuffs,  etc;  its  composition  is  shown  in  Table  15a.  In  order  tc 
prepare  a  solid  medium  5  S  of  the  powdered  preparation  is  added  to 
100  ml  of  distilled  water  and  the  mixture  is  heated  until  the  agar 
melts,  boiled  for  5  min,  and  poured  into  sterile  Petri  dishes.  After 
the  medium  has  solidified  it  is  dried  in  a  heater.  Typhoid -paratyphoid 
and  dysentery  bacteria  produce  colorless  colonies  on  this  medium,  while 
colonies  of  bacteria  which  form  acid  metabolic  products  are  red  in  co¬ 
lor. 

Dry  agar  containing  eosln  and  methylene  blue  is  used  for  the  same 
purposes  as  dry  Endo  agar.  A  solid  medium  is  prepared  from  this  dry 
agar  in  the  same  manner  as  from  dry  Endo  agar.  When  the  medium  is  dis¬ 
solved  the  eosln  and  methylene  blue  form  a  complex  compound,  which  pre¬ 
cipitates  at  pH  =  4.7  and  stains  colonies  of  acid -forming  bacteria  a 
dark  color. 

Endo  agar  and  agar  containing  eosln  and  methylene  blue  do  not  sup¬ 
press  the  growth  of  coliform  bacteria  cultured  on  them.  They  are  con¬ 
sequently  ineffective  in  isolating  pathogenic  bacteria  from  feces. 
Ploskirev's  dry  bacterial  agar  is  more  effective  for  this  purpose. 

Ploskirev^s  dry  bacterial  agar  (1955)  contains  apprcx  imately  53.6# 
nutritive  agar  and  bile  salts,  11#  hyposulfite,  0.03-0.06#  neutral  red, 
0.002#  brilliant  green,  0.4#  iodine,  12#  lactose,  14.4#  sodium  bici¬ 
trate,  3.7#  sodium  hypophosphate,  3.7#  sodium  chloride,  and  1.2#  roast¬ 
ed  sodium  bicarbonate. 
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In  order  to  obtain  a  solid  medium  6  g  cf  the  dry  preparation  is 
added  to  100  ml  of  distilled  water  and  the  mixture  is  heated  until  the 
agar  dissolves  and  poured  into  Petri  dishes.  The  dishes  are  left  open 
for  1  hr  to  permit  solidification  and  drying  of  the  medium  and  are  then 
covered  with  lids;  the  medium  is  now  ready  for  culturing  and  has  a  pH  of 
7. 2-6.8. 

Despite  the  unsterile  conditions  under  which  the  medium  is  pre¬ 
pared,  atmospheric  microorganisms  will  not  grow  on  it  during  the  first 
few  days.  When  0.05  ml  of  physiological  solution  containing  100  Shigel¬ 
la  paradysenteriae  Flexneri  and  10,000  E.  coli  is  cultured  on  a  dish 
and  incubated  for  24  hr  at  37°  separate  reddish  colonies  of  E.  coli  and 
isolated  clear,  colorless  colonies  of  Sh.  paradysenteriae  Flexneri  are 
produced.  Coliform  bacteria  are  severely  inhibited  on  this  medium.  Sh. 
paradysenteriae  Origoryevi-Shigae  does  not  grow  at  all.  However,  all 
these  bacteria  begin  to  grow  if  the  medium  is  allcalized  to  pH  -  7. 8-8.0. 

Dry  preparations  containing  VR  indicator  and  carbohydrates  (glu¬ 
cose,  lactose,  sucrose,  maltose,  and  mannose)  are  used  in  semiliquid 
color  series  for  differentiating  coliform  bacteria.  Their  composition 
is  shown  in  Table  15a.  In  order  to  prepare  a  semiliquid  medium  2  g  of 
powdered  preparation  (one  of  the  5  shown  in  the  table)  is  heated  in 
100  ml  of  distilled  water  until  it  dissolves,  poured  into  test-tubes, 
and  sterilized  for  20  min  at  120®. 

Under  the  action  of  bacterial  metabolic  products  the  reddish  co¬ 
lor  of  a  semiliquid  medium  containing  VR  indicator  and  a  carbohydrate 
changes  in  a  manner  opposite  to  that  of  litmus,  l.e.,  becomes  blue  when 
acid  and  red  when  alkaline.  VR  indicator  is  a  mixture  of  anallne  blue 
and  corallln. 

Dry  nutritive  agar  D  (N.V.  Ploskirev,  N.S.  Semcheva,  O.S.  Yemel' 
yanova,  et  al.)  is  used  as  the  basis  for  media  for  culturing  the  caus- 
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ative  agents  of  brucellosis  and  tularemia.  The  nutritive  base  of  this 
preparation  is  a  tryptic  hydrolyzate  of  fish  meal  and  brewer's  yeast 
(D  is  the  first  letter  of  the  word  yeast  in  Russian).  Dry  nutritive 
agar  D  contains  approximately  8j6  total  nitrogen,  1.8#  amine  nitrogen, 

4j6  moisture,  25{6  ash,  and  15/6  chlorides. 

In  order  to  prepare  a  solid  medium  5  g  of  the  powdered  agar  is 
added  to  100  ml  of  distilled  water,  the  mixture  is  heated  until  the 
agar  dissolves,  the  pH  of  the  medium  is  adjusted  if  necessary,  and  the 
solution  Is  filtered  and  sterilized  for  30  min  at  110°.  When  1 %  of  glu¬ 
cose  and  2*  of  glycerine  ar»‘  added  the  medium  can  be  used  for  isolating 
Brucella  from  the  organs  of  animals. 

Nutritive  agar  D  is  used  for  checking  the  viability  of  bacteria 
in  dry  live  brucellosis  vaccine.  When  1J6  of  glucose  and  O.ljS  of  cysteine 
are  added  it  can  be  employed  for  culturing  the  causative  agent  of  tu¬ 
laremia. 

SAZh  dry  nutritive  medium  is  usea  to  detect  the  causative  agent  of 
gas  gangrene  (N.V.  Plosklrev,  O.A.  Komkova,  et  al. ).  It  consists  of 
7?.. 5?6  dry  sprat  autolyzate  or  dry  nutritive  broth,  7*5/6  agar-agar,  7J6 
gelatin,  356  glucose,  and  10j6  sodium  chloride. 

In  order  to  obta.n  the  dry  sprat  autolyzate  1  kg  of  waste  sprat  is 
mixed  with  1  liter  of  water  and  held  at  508  for  7  hr.  The  mixture  is 
then  heated  to  the  boiling  point  and  the  residue  is  filtered  out.  The 
filtrate  is  alkalized  to  pH  -  8.0,  heated  to  the  boiling  point,  fil¬ 
tered,  and  dried  in  a  water  bath  or  diffusion  drier.  The  yellowish  pow¬ 
der  thus  obtained  is  the  dry  sprat  autolyzate.  It  contains  up  to  II56 
total  nitrogen,  3*4j6  amine  nitrogen,  40J6  oxidized  substances,  656  mois¬ 
ture,  and  3056  ash. 

In  order  to  prepare  a  semiliquid  medium  5  g  of  the  dry  nutritive 
medium  is  added  to  100  ml  of  distilled  water  and  sterilized  for  20  min 
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It  }20\  T'hU  Hiwdlu.-:  suitable  for  rapid  detection  of  the  causative 

of  gas  gangrene  by  a  now  method.  This  technique  is  based  on  the 
development  of  specific  changes  when  the  bacterium  is  cultured  in  a 
semiliquid  medium  in  the  presence  of  specific  antitoxic  sera.  Under 
these  conditions  the  causative  agent  grows  in  Isolated  aolonles  and 
forms  streptobacillary  aggregations,  in  contrast  to  the  diffuse  growth 
of  bacillary  aggregations  on  the  medium  without  serum. 

SM  dry  medium  is  Intended  for  rapid  detection  of  Cl.  perfringens. 
It  is  similar  to  Wilson  and  Blair's  iron  sulfite  medium,  but  differs 
fiom  it  in  the  fact  that  it  contains  Mohr's  salt  instead  of  very  hydro¬ 
scopic  ferric  chloride  and  a  different  nutritive  base  (V.P.  Runova  and 
N.V.  Ploskirev). 

SM  dry  medium  contains  79%  dry  nutritive  broth  or  dry  sprat  auto- 
lyzate,  2%  Mohr's  salt,  7 %  anhydrous  sodium  sulfite,  9%  sodium  chloride 
and  y%  powdered  agar-agar. 

In  order  to  prepare  a  semiliquid  medium  5  g  of  the  dry  preparation 
is  added  to  100  ml  of  distilled  water  and  sterilized  for  20  min  at  120° 
This  medium  is  suitable  for  detecting  Cl.  perfringens.  The  medium, 
heated  to  37°,  is  inoculated  with  massive  doses  of  the  material  under 
investigation.  The  test-tubes  are  placed  in  a  heater  at  37° *  if  Cl. 
perfringens  is  present  the  inoculation  site  turns  black  within  2-2  1/2 
hr. 

Dry  semisynthetic  whale -yeast  agar  containing  charcoal  (PKDAU) 
(N.V.  Ploskirev  and  Ye.K.  Matkovskaya ).  This  medium  contains  peptone- 
free  acid  whale -meal  hydrolyzate,  yeast  extract,  mineral  salts,  starch, 
cysteine,  and  activated  charcoal.  The  dry  preparation  is  a  loose  black 
powder. 

Dry  PKDAU  contains  approximately  2.7#  amine  nitrogen,  3-5#  mois¬ 
ture,  and  20#  chlorides.  In  order  to  prepare  a  solid  medium  5-5  g  of 


powder  is  heated  in  100  ml  of  distilled  water  until  it  dissolves  and 
sterilized  for  30  min  at  110°.  The  solid  medium  has  a  gel  strength  of 
500  g.  It  is  suitable  for  isolating  and  culturing  the  causative  agent 
of  pertussis. 

AKZh  and  KPD  dry  media  (L.Q.  Ivanova ,  T.I.  Sergeyeva,  N.V.  Plos- 
kirev,  and  N.N.  Sitnlkova)  are  used  for  diagnosing  food  poisonings 
caused  by  Cl.  botulinum  types  A,  B,  C,  and  E  and  Cl.  perfringens  types 
A,  B,  C,  D,  E,  and  F. 

AKZh  dry  medium  consists  of  sprat  autolyzate,  gelatin,  and  Inor- 
ganic  salts.  In  order  to  prepare  the  medium  5  S  of  the  powder  is  mixed 
with  water  and  heated  until  it  dissolves  and  the  pH  of  the  solution  is 
adjusted  to  7.8;  70  ml  portions  are  poured  into  bottles  with  cotton 
plugs,  3.5  ml  of  vaseline  oil  is  added,  and  the  bottles  are  sterilized 
for  30  min  at  110* . 

KPD  dry  medium  consists  of  dried  tryptic  hydrolyzate  of  whale  meal 
and  liver,  yeast  extract,  and  mineral  salts.  In  order  to  prepare  the 
medium  7  g  of  the  powder  is  mixed  with  100  ml  of  distilled  water  and 
brought  to  the  boiling  point,  the  pH  of  the  solution  is  adjusted  to  7.8, 
0.5  g  of  glucose  is  added,  70  ml  portions  are  poured  into  stoppered 
bottles,  3*5  ml  of  vaseline  oil  is  added,  and  the  bottles  are  sterilized 
for  30  min  at  110*. 

A  total  of  1  ml  of  a  culture  of  a  given  bacterial  strain  or  frag¬ 
ments  of  an  organ  (liver,  large  or  small  intestine,  etc. )  from  a  human 
or  animal  corpse  is  added  to  the  bottles  containing  the  broth  prepared 
from  the  AKZh  or  KPD  dry  medium.  The  cultures  are  incubated  at  37* 

(28*  for  Cl.  botulinum  type  E).  The  toxins  are  titrated  in  white  mice 
after  18  hr  for  Cl.  perfringens  and  after  5-6  days  for  Cl.  botulinum. 
Macroscopic  smears  are  made  from  the  cultures  at  the  same  time  and,  if 
necessary,  a  pure  culture  is  Isolated. 
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Toxin  formation  Is  as  follows;  Cl.  perfringens  type  A  -  100,  type 

B  -  500,  type  C  -  2000,  type  D  -  1000,  type  E  -  20,  and  type  P  -  300 

mid  per  ml  of  culture  fluid;  Cl.  botulinum  type  A  —  100,000,  type  B  — 

100,000,  type  C  -  10,000,  and  type  E  -  1000  mid  per  ml  of  culture  fluid. 

METHODS  OP  CONCENTRATING  PATHOGENIC  BACTERIA  ISOLATED  FROM  THE  ENVIRON¬ 
MENT 

Prof.  K. I.  Matveyev 

Methods  of  Concentrating  Bacteria  Isolated  from  Water 

Taking  water  samples.  Proper  taking  of  water  samples  for  detection 
of  pathogenic  bacteria  and  their  toxins  Is  a  very  Important  aspect  of 
Investigations  of  bodies  of  water.  This  task  should  be  entrusted  to  re¬ 
liable,  skilled  persons,  who  should  observe  personal  safety  rules  while 
taking  the  samples. 

Water  samples  to  be  used  for  detecting  pathogenic  bacteria  and 
their  toxins  must  be  substantially  larger  than  those  used  for  investi¬ 
gating  the  tltre  of  coliform  bacteria.  Portions  of  3-5  liters  of  water 
must  be  collected  In  sterile  bottles  with  rubber  stoppers;  larger  por¬ 
tions  are  sometimes  collected  when  repeated  investigations  are  Intended. 
Before  sterilization  the  vessels  are  closed  with  cotton  plugs  or  tied- 
down  paper  covers;  a  carefully  selected  rubber  stopper,  wrapped  In  pa¬ 
per,  Is  tied  to  each  bottle.  After  the  water  sample  has  been  taken  the 
bottle  Is  tightly  sealed  with  the  stopper. 

For  open  bodies  of  water  samples  are  taken  at  points  of  use  (from 
the  surface,  from  a  depth  of  10-15  cm,  and  frco  a  depth  of  0.5-1  m), 
5-10  m  from  the  shore,  and  roughly  in  the  center  of  the  body.  For  bod¬ 
ies  of  stagnant  water  samples  must  be  taken  from  the  bottom  and  from 
the  adjoining  water  layer.  For  rivers  samples  are  taker,  from  the  upper, 
middle,  and  lower  reaches  of  the  stretch  assumed  to  be  contaminated. 

To  take  samples  from  a  water-supply  system  water  is  drawn  from  a 
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tap.  The  latter  la  preliminarily  flamed  with  an  alcohol  torch  or  blow¬ 
torch;  the  first  sample  Is  drawn,  30  liters  of  water  are  drained  off, 
and  the  remaining  bottles  are  filled,  taking  care  not  to  splash  the  wa¬ 
ter.  Weighted  bottles  or  special  devices  are  used  for  taking  samples 
.'from  deep  wells. 

After  the  sample  has  been  taken  the  outside  of  the  bottle  Is  wiped 
off  and  the  collector  Washes  his  hands  with  a  disinfectant. 

A  label  pasted  on  the  bottle  or  a  tag  tied  to  Its  neck  gives  the 
time,  date,  sampling  number,  name  and  location  of  the  body  of  water, 
suspected  contaminant,  and  point  of  sampling.  All  these  data  are  also 
recorded  on  an  accompanying  packing  slip. 

The  samples  must  be  quickly  delivered  for  laboratory  examination 
(within  30  min).  When  necessary  they  can  be  stored  in  a  cold  dark  place, 
at  a  temperature  no  higher  than  10°,  but  for  no  longer  than  2-3  hr.  In 
exceptional  cases  they  can  be  kept  on  ice  for  up  to  6  hr.  The  samples 
must  be  protected  against  freezing  In  winter  and  overheating  in  summer; 
this  requires  special  containers,  boxes,  etc.,  which  can  be  sealed  when 
the  samples  are  shipped. 

Investigation  of  water.  Despite  the  normally  low  concentration  of 
pathogenic  bacteria  in  water,  samples  must  still  be  cultured  directly 
on  solid  and  liquid  nutritive  media.  It  is  best  to  use  blood  agar  ecu  - 
talning  glucose,  semiliquid  agar,  and  other  media,  the  selection  de¬ 
pending  on  the  pathogenic  bacterium  suspected  to  be  present.  Positive 
results  are  obtained  only  after  massive  inoculation.  Direct  cultures  on 
nutritive  media  exhibit  vigorous  growth  of  the  saprophytic  aqueous  mi¬ 
croflora,  which  suppresses  the  development  of  pathogenic  bacteria.  Some 
authors  consequently  base  their  investigations  on  culturing  in  media 
to  which  various  inhibitors  which  retard  the  growth  of  the  saprophytic 
microflora  have  been  added.  All  these  methods  are  based  on  the  one  used 
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for  coliform  bacteria  (Ficker-Hoffman 's  medium  containing  caffeine  and 
crystal  violet,  Shantemess,  Vensan,  and  Paet's  medium  containing  phe¬ 
nol  in  various  concentrations,  Lamcke's  medium  containing  malachite 
green  and  hydrochloric  acid,  the  medium  containing  gentian  violet  and 
sodium  sulfite  used  for  the  causative  agent  of  plague,  etc.)*  These 
substances,  which  retard  the  growth  of  the  saprophytic  microflora,  are 
not  indifferent  for  pathogenic  microorganisms,  whose  growth  they  sup¬ 
press  to  some  extent.  This  furnished  the  impetus  for  seeking  methods 
of  concentrating  pathogenic  bacteria  found  in  water. 

One  of  tiie  methods  proposed  for  concentrating  pathogenic  bacteria 
from  large  volumes  of  water  is  coagulation:  the  water  to  be  studied  is 
mixed  with  coagulants,  chemicals  which  clump  and  precipitate  when  they 
enter  into  a  chemical  reaction,  extracting  the  pathogenic  bacteria  from 
the  water.  The  precipitate  is  then  re-  vod  the  water  and  cultured 

on  nutritive  media.  Various  fiutulaala  have  been  r^ggested  as  coagulants, 
including  ferric  sulfate,  ferrous  chloride,  l/ad  nitrate  and  hyposul- 
flte,  potash  alum,  kaolin,  etc. 

Precipitation  with  specific  agglut  \  nav  V ' V«-.A.  Sheipilev- 
skly  proposed  precipitation  with  specific  agglutinative  serum  for  iso¬ 
lation  of  pathogenic  bacteria  from  water.  Water  contaminated  with  path¬ 
ogenic  microorganisms  is  added  to  meat -infusion  broth,  in  a  ratio  of 
one  part  of  broth  to  five  parts  of  water.  When  a  bacterial  growth  is 
present  after  one  day  the  culture  is  filtered  through  a  layer  of  ster¬ 
ile  cotton.  Agglutinative  serum  is  added  to  100-200  ml  of  the  filtrate 
in  a  quantity  such  that  its  final  dilution  is  1:1000-1:1500.  The  mix¬ 
ture  is  shaken  and  placed  in  a  heater  for  2  hr.  When  agglutination 
takes  place  the  bacteria  settle  to  the  bottom.  The  upper  portion  of  the 
fluid  is  poured  off  or  aspirated.  The  residue  thus  obtained  is  diluted 
in  a  small  volume  of  physiological  solution  and  cultured  on  solid  and 


liquid  nutritive  media.  This  method  was  proposed  for  isolating  the 
causative  agents  of  typhoid,  cholera,  and  dysentery  and  other  pathogen¬ 
ic  bacteria  from  water,  air,  and  feces. 

Physical  methods  of  concentrating  bacteria.  Pathogenic  bacteria 
and  other  microorganisms  can  be  most  effectively  concentrated  during 
isolation  by  filtering  the  water  through  various  filters. 

At  the  end  of  the  past  and  the  beginning  of  the  present  century 
Hesse  used  Berkefeld  filters  covered  with  diatomaceous  earth  and  Shan- 
temess  used  Chamberland  porcelain  filters  for  concentrating  bacteria. 
Filtration  through  porcelain  made  it  possible  to  concentrate  bacteria 
on  a  small  surface,  but  this  technique  never  came  into  practical  use, 
since  the  adsorptive  properties  of  the  filters  themselves  made  it  im¬ 
possible  to  remove  the  trapped  bacteria  from  the  filters  with  a  back- 
flow  of  water  or  by  scraping  off  the  residue. 

Since  1932  membrane  filters  have  been  used  in  the  bacteriological 
investigation  of  water  for  concentrating  bacteria  from  different  sample 
volumes. 

A.S.  Razumov  and  then  Ye.V.  Dianova  and  A. A.  Voroshilova  suggested 
that  membrane  filters  be  used  to  determine  the  bacteria  count;  at  the 
same  time,  K.K.  Barsov  proposed  that  the  coliform  index  be  determined 
with  membrane  filters.  This  method  has  since  been  used  for  concentrat¬ 
ing  many  pathogenic  microorganisms  and  isolating  them  from  water. 

Membrane  filters  are  porous  nitrocellulose  plates,  which  are  per¬ 
meable  to  water  and  have  the  form  of  flat  disks  35  mm  in  diameter.  Mem¬ 
brane  filters  for  bacteriological  research  are  produced  b.,  the  Mytish¬ 
chi  Experimental  Ultrafilter  Plant.  There  are  5  filter  grades,  which 
indicate  different  pore  diameters  and  water-filtration  rates.  Filter 
Ho.  1  has  a  mean  pore  diameter  of  O.35  p  and  a  water-filtration  rate 
of  500  ml  in  9  min.  Filter  No.  3  has  a  mean  pore  diameter  of  O.70  p  and 
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Fig.  15.  Ru- 
blevskiy  tap- 
water  station 


Fig.  16.  Zeitz 
apparatus  with 
funnel. 


a  water-filtration  rate  of  500  ml  in  2  1/2  min,  while  filter  No.  5  has 
a  pore  size  of  1.20  p.  and  a  filtration  time  of  35  sec  for  500  ml  of  wa¬ 
ter.  As  a  result  of  its  large  pore  size,  the  latter  filter  retains  bac¬ 
teria  poorly. 

Membrane  filters  Nos.  1,  2,  and  3  are  most  suitable  for  checking 
water  for  pathogenic  bacteria. 

In  addition  to  these  filters,  there  are  also  so-called  preliminai’y 
or  Plankton  filters,  which  are  intended  to  trap  large  suspended  parti¬ 
cles.  Such  filters  are  completely  permeable  to  bacteria. 

The  dull  side  of  the  filter  is  termed  the  air  side  and  should  face 
upward  during  filtration.  It  is  occasionally  difficult  to  distinguish 
the  dull  and  shiny  sides  of  a  wet  filter  and  a  dot  should  consequently 
be  made  at  the  very  edge  of  the  dull  side  with  a  lead  pencil  before 
sterilization. 

Membrane  filters  withstand  prolonged  storage  (a  year  or  more) 


without  any  change  in  their  filtration  properties. 

A  Rublevskiy  tap-water  station  or  a  Zeitz  device  (Pigs.  15  and 
16)*  is  most  frequently  used  for  filtering  the  water  under  investiga¬ 
tion.  The  vacuum  necessary  for  filtration  can  be  set  up  with  a  Komov- 
skiy  vacuum  pump,  an  oil  vacuum  pump,  or  a  water- jet  pump. 

The  working  sections  of  a  filtration  apparatus  can  be  sterilized 
by  boiling  or  by  rubbing  them  with  alcohol  and  then  flaming  them. 

Membrane  filters  are  sterilized  by  boiling  for  30  min  in  distilled 
water  to  which  4-5  drops  of  formalin  has  been  added.  After  15  min  the 
water  is  poured  off  and  replaced  with  fresh  distilled  water  without 
formalin,  the  filter  then  being  boiled  twice  for  15  min. 

After  sterilization  the  filter  is  left  in  the  same  water  until 
needed.  Membrane  filters  can  also  be  sterilized  by  boiling  without  for¬ 
malin. 

When  the  apparatus  has  cooled  the  sterile  filter  is  placed  on  the 
screen  inside  the  device.  Membrane  filters  may  tear  when  a  high  vacuum 
Is  created  in  the  receiving  vessel.  In  order  to  avoid  this  a  sterilized 
piece  of  filter  paper  is  placed  on  the  screen  and  the  membrane  filter 
is  laid  on  it.  The  filter  is  then  adjusted  and  the  upper  portion  of  the 
device  is  set  in  place;  the  upper  portion  is  filled  with  the  water  un¬ 
der  investigation  and  a  vacuum  is  created  in  the  receiving  vessel.  When 
filtration  has  been  completed  the  upper  part  of  the  apparatus  is  re¬ 
moved  and  the  membrane  filter  is  transferred  with  sterile  forceps  to 
the  surface  of  a  solid  nutritive  medium  to  permit  culturing  of  the 
trapped  microorganisms  (which  can  also  be  cultured  In  liquid  media)  or 
to  a  sterile  Petri  dish  to  permit  the  bacteria  to  be  washed  from  it  and 
preliminarily  identified. 

As  a  result  of  their  high  retentive  power,  membrane  filters  have 
become  indispensable  for  various  bacteriological  investigations  of  wa- 
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ter.  Membrane  filters  are  used  primarily  in  sanitary -bacteriological 
investigations  of  various  types  of  water,  for  determining  the  coliform 
titre  and  coliform  index,  and  secondarily  for  Investigating  water  sus¬ 
pected  (on  the  basis  of  epidemiological  indications)  of  containing  var¬ 
ious  pathogenic  agents  (bacteria,  fungi,  Leptospirae,  etc.). 

The  membrane -filter  method  is  recommended  primarily  for  investi¬ 
gating  water  suspected  of  containing  the  causative  agents  of  typhoid, 
paratyphoid,  dysentery,  anthrax,  plague,  cholera,  brucellosis,  tularem¬ 
ia,  glanders,  melioidosis,  and  other  infections. 

The  bacteria  are  washed  from  the  membrane  filter  with  a  small  ' 
a'.-.antlty  of  physiological  solution  and  examined  to  get  an  idea  of  the 
species  to  which  they  belong.  This  can  be  done  by  the  serum-lumines¬ 
cence  method,  using  highly  specific  luminescent  sera,  by  the  microag¬ 
glutination  reaction  on  slides,  using  phase -contrast  microscopy,  by  the 
precipitation  reaction  with  hapten,  by  Gram  staining,  etc.  The  material 
washed  from  the  filter  is  also  cultured  in  Petri  dishes  with  selected 
nutritive  media  and,  if  necessary,  animals  are  inoculated  with  it. 

Detection  of  sporagenous  bacteria  in  water  by  direct  microscopy  of 
specimens  prepared  from  material  washed  from  a  membrane  filter  after 
bacterial  concentration  (T.I.  Sergeyeva  and  N.B.  Chemetskaya ).  In  this 
technique  the  water  is  filtered  through  a  No.  3  membrane  filter  in  a 
Zeltz  apparatus.  After  filtration  the  filter  is  transferred  to  a  ster¬ 
ile  Petri  dish  with  a  sterile  pair  of  forceps  and  the  bacteria  on  its 
surface  are  washed  off  with  0.5  ml  of  physiological  solution,  using  a 
glass  spatula  made  from  a  Pasteur  pipette.  All  the  washings  are  picked 
up  from  the  Petri  dish  with  a  Pasteur  capillary  pipette  and  placed  on 
a  slide.  After  the  specimen  has  dried  it  is  flame-fixed  and  stained  by 
Gram's  method.  This  technique  makes  it  possible  to  detect  50,000  spora¬ 
genous  aerobic  of  anaerobic  bacteria  in  250  ml  of  water. 
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Some  authors  (Richards  and  Krabek)  recommend  that  the  bacteria  be 
examined  under  a  phast -contrast  microscope  while  still  on  the  filter, 
in  order  to  determine  their  morphological  characteristics.  For  this 
purpose  the  air-dried  filter  is  placed  on  a  slide,  flooded  with  immer¬ 
sion  oil  (which  makes  it  transparent),  covered  with  a  cover  glass,  and 
examined  microscopically. 

Biological  methods  of  concentrating  bacteria.  It  is  possible  that 
no  pathogenic  bacteria  will  be  detected  by  the  methods  described  above 
after  large  quantities  of  water  have  been  filtered  through  membrane 
filters.  Biological  concentration  methods  are  consequently  used  to  iso¬ 
late  the  bacteria  from  the  water  in  subsequent  investigations. 

The  most  ccmmonly  employed  technique  involves  culturing  for  3-8  hr 
or  more  on  the  filter,  which  is  placed  on  a  selected  solid  nutritive 
medium  or  immersed  in  a  liquid  medium.  The  filter  should  be  laid  care¬ 
fully  on  a  solid  medium,  taking  care  that  no  air  bubbles  are  formed 
between  it  and  the  surface  of  the  agar.  However,  the  growth  of  patho¬ 
genic  microorganisms  is  retarded  when  more  than  2500  saprophytic  colo¬ 
nies  are  present,  so  that  in  investigating  impure  water  culturing  is 
best  carried  out  at  a  temperature  of  43° ,  to  retard  saprophyte  growth; 
in  addition,  bacteria  are  transferred  from  the  surface  of  the  filter  to 
one  or  more  Petri  dishes,  the  number  being  determined  by  the  extent  of 
the  suspected  contamination.  The  nutritive  medium  should  not  be  dried 
before  culturing  and  the  medium  layer  should  be  thicker  than  usual,  to 
prevent  rapid  drying.  This  ensure?  more  satisfactory  diffusion  of  nutri¬ 
tive  substances  from  the  medium  to  the  bacteria  through  the  filter. 

When  the  material  on  the  filters  is  cultured  at  43°  on  bismuth 
sulfite  agar  this  method  makes  it  possible  to  detect  the  causative 
agents  of  typhoid  and  paratyphoid  in  artesian-well  and  tap  water  in 
quantities  of  4  cells  per  liter  of  water.  Under  the  same  culturing  con- 
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ditions,  these  bacteria  can  be  detected  in  quantities  of  20  cells  per 
liter  cf  water  from  dug  wells  and  100  cells  per  liter  of  river  water 
(V.S.  Rossovskaya). 

A  biological  concentration  method  involving  culturing  of  the  fil¬ 
ter-trapped  bacteria  on  Levin’s  medium  for  18  hr  at  37*  can  be  used  in¬ 
stead  of  filtration  to  detect  small  quantities  of  pathogenic  bacteria  in 
water  samples  (N.N.  Sitnlkova).  After  18  hr  the  material  Is  washed  from 
the  filter  with  3  ml  of  1#  acetic  acid.  In  order  to  prepare  a  hapten 
the  washings  are  boiled  fcr  40-60  min,  filtered  through  an  asbestos  pad, 
ard  alkalized  until  a  neutral  or  slightly  alkaline  reaction  is  shown  by 
bromthymol  blue.  A  precipitation  reaction  is  set  up  with  the  hapten, 
overlayering  it  on  specific  precipltatlve  serum. 

The  precipitation  reaction  is  positive  in  100#  of  all  cases  in¬ 
volving  100  ml  of  water  containing  10,  100,  or  500  Bacterium  typhosum. 

A  positive  precipitation  reaction  is  obtained  for  91 -98#  of  all  250  ml 
water  samples  containing  10-100  bacteria.  Water-suspended  Escherichia 
coli  from  typhoid  patients  does  not  give  a  positive  reaction.  The  pre¬ 
cipitation  reaction  is  positive  with  haptens  from  bacteria  having  anti¬ 
gens  in  common  with  Bacterium  typhosum,  i.e.  ,  S.enteritidis  and  S.  ly- 
phi  murium.  The  precipitation  reaction  is  negative  with  the  haptens  of 
other  collform  and  typhoid  bacteria. 

Examination  of  a  large  number  of  water  samples  from  the  Moscow  Riv¬ 
er  has  shown  that  Escherichia  coli  and  other  bacteria  always  found  in 
open  waterways  do  not  give  nonspecific  precipitation  reactions  with  ty¬ 
phoid  serum  after  filtration  and  culturing  on  the  i liter. 

Culturing  for  6  hr  on  solid  nutritive  media,  in  semiliquid  075# 
agar  (for  Bac.  anthracis  and  Bac.  anthracoldes ),  or  in  semiliquid  al¬ 
kaline  agar  (V.  Metschnicovii)  makes  it  possible  to  detect  100,000- 
200,000  V.  Metschnicovii  or  5000  Bac.  anthracoldes  or  Bac.  anthracis  in 
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230  ml  or  water  (T.I.  Sergeyeva  and  N.B.  Chemetskaya).  Sporagenous 
aerobic  bacteria  can  be  cultured  in  test-tubea  containing  Hottinger'a 
broth  and  chunks  of  meat.  The  membrane  filter  is  placed  in  the  test- 
tube  containing  the  nutritive  medium  and  covered  with  vaseline  oil. 
Sporagenous  anaerobes  can  be  detected  after  6  hr  In  samples  initially 
containing  2300  cells  in  230  ml  of  water. 

In  addition  to  culturing  on  a  filter  placed  on  a  nutritive  medium, 
all  investigations  of  water  for  pathogenic  bacteria  must  Include  inocu¬ 
lation  cf  infection-sensitive  animals  in  order  to  permit  the  bacteria  to 
accumulate.  Several  animals  are  injected  with  material  washed  from  the 
filter.  The  species  of  animal  and  the  administration  method  depend  on 
the  suspected  contaminant.  Inoculation  of  animals  with  material  washed 
from  filters  is  obligatory  in  investigating  water  for  the  causative 
agents  of  plague,  tularemia,  anthrax,  brucellosis,  glanders,  melioido¬ 
sis,  etc.  In  some  cases  pathogenic  bacteria  can  be  detected  In  water 
only  by  this  method. 

If  it  is  not  possible  to  inoculate  animals  with  material  washed 
from  filters  they  are  injected  with  the  unfiltered  water.  Several  ani¬ 
mals  are  usually  Inoculated,  so  that  they  can  be  killed  at  different 
Intervals  and  dissected  to  permit  detection  of  bacteria  in  their  organs 
(see  the  chapter  entitled  "Use  of  Laboratory  Animals  for  Indicating  and 
diagnosing  infectious  diseases"). 

Methods  of  Concentrating  Bacteria  Isolated  from  Air 

Precipitation  of  bacterial  aerosols  by  the  percussive  action  of  an  air 

Rough  indication  with  the  aid  of  Impact  devices.  Devices  have  now 
been  developed  which  permit  rapid  detection  of  the  appearance  of  large 
quantities  of  bacteria  or  dust  particles  in  the  air.  inty  include  im¬ 
pact  devices  of  various  designs.  An  apparatus  of  this  type  makes  it 
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possible  to  deposit  the  aerosol  particles  mechanically  on  metal  plates 
or  slides  and  to  examine  them  microscopically.  In  order  to  hold  the  bac¬ 
teria  and  aerosol  particles ,  the  slides  used  in  the  apparatus  are  coat 
ed  with  a  very  thin  layer  of  castor  oil,  resin,  or  other  substances. 

The  air  Is  forced  through  the  device  with  any  feasible  pump. 

The  bacteria  deposited  on  the  slide  can  be  stained  by  various 
methods  before  microscopy,  which  makes  it  possible  to  determine  their 
morphological  and  tinctorial  characteristics.  In  addition,  slides  bear¬ 
ing  deposited  microorganisms  can  be  treated  with  luminescent  sera  con¬ 
taining  antibodies  to  Individual  bacterial  species,  which  permits  rapid 
determination  of  the  species  to  which  air-borne  bacteria  belong.  This 
is  especially  important  for  the  causative  agents  of  particularly  danger¬ 
ous  infections. 

Bacteria  deposited  on  plates  or  slides  can  be  washed  o-f  with  phy¬ 
siological  solution  and  used  for  culturing  on  selective  media  or  for 
animal  inoculation.  In  addition,  slides  can  be  covered  with  agar  and 
the  deposited  bacteria  cultured  on  them  in  a  loist  atmosphere. 

In  order  to  conduct  investigations  with  impact  devices  the  labo¬ 
ratory  should  have  a  set  of  special  dyes  for  simple  or  complex  staining 
of  the  causative  agents  of  especially  dangerous  infections  and  other 
microorganisms.  It  is  also  necessary  to  have  a  set  of  hlgh-speclflclty 
luminescent  sera  for  microorganisms  responsible  for  especially  danger¬ 
ous  and  other  infections,  as  well  as  selective  media  and  animals  for 
further  investigation  of  the  bacteria  deposited  in  the  device. 

The  first  single-stage  impact  device  was  proposed  by  Heigemann 
(1936).  May  (19^5)  devised  a  four-stage  cascade  impact  apparatus  for 
collecting  and  determining  the  size  of  aerosol  particles  containing 
droplets  more  than  1  u  in  diameter.  This  apparatus  subsequently  served 
as  the  basis  for  development  of  impact  devices  for  studying  bacterial 
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aerosols.  It  consists  of  4  rectangular  apertures*  one  behind  the  other. 
Opposite  each  aperture  Is  a  collector  plate  or  slide.  The  apertures 
gradually  decrease  In  size;  when  air-borne  particles  or  bacteria  enter 
the  device  they  are  accelerated  as  they  pass  through  each  aperture  In 
turn.  Larger  particles  adhere  to  the  second  and  third  slides  and  very 
fine  particles  to  the  last  slide. 
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Pig.  17.  Krotov's  apparatus,  l)  Cylindrical  housing;  2)  base;  3)  elec¬ 
tric  motor;  4)  central  fan;  5)  eight -bladed  fan;  6)  disk;  7)  springs; 

8)  Petri  dish;  9)  lid;  10)  catch;  11)  plexiglass  disks;  ]2  )  wedge-shaped 
silt;  13)  split  ring;  14)  connecting  pipe  with  diaphragm;  15)  outlet 
tube. 


Pour-  and  five-stage  Impact  devices  with  narrower  slits  were  later 

designed  for  removing  particles  0.2-1  y  in  diameter  from  dry  aerosols. 

\ 

These  devices  operate  at  the  same  air-flow  rate  as  the  May  apparatus, 
approximately  17.5  liters  per  min.  The  four-stage  cascade  apparatus  is 
convenient  and  can  be  used  for  bacteriological  Investigation  of  air  un¬ 
der  field  conditions. 
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Investigation  of  bacterial  aerosols  with  the  cascade  Impact  device 
has  shown  that  it  removes  up  to  90$  of  the  bacteria  in  the  air.  It  is 
quite  suitable  for  rough  determination  of  the  concentration  and  distribu- 
tion  of  bacteria  in  different  volumes  of  air  (Sonkin,  1950,  and  other 
authors). 

Bacterial  aerosols  in  the  dust  and  droplet  phases  can  be  collected 
with  an  Impact  device.  The  number  and  size  of  the  bacteria  collected  de¬ 
pend  to  a  considerable  extent  on  the  velocity  of  the  through -flowing 
air.  The  best  results  are  obtained  if  the  air  flows  at  18-25  liters  per 
mir.  Devices  of  this  type  are  suitable  for  investigating  air  at  low  tem¬ 
peratures.  A  rough  result  can  be  obtained  40-50  min  after  air  samples 
are  taken. 

It  has  been  suggested  that  the  biuret  reaction  be  used  for  nonspe¬ 
cific  determination  of  the  number  of  bacteria  in  air  (Strickland,  1951). 

The  bacteria  in  the  air  are  concentrated  with  an  Impact  device  or  mem¬ 
brane  filters  or  by  some  other  method,  a  suspension  of  given  quantities 
of  bacteria  is  prepared  in  distilled  water  or  physiological  solution, 
and  sodium  hydroxide  and  copper  sulfate  are  added.  The  excess  copper  hy¬ 
droxide  is  removed  by  centrifuging  until  a  clear  solution  is  obtained. 

The  Intensity  of  the  purple  hue  of  the  solution  is  directly  proportional 
to  the  number  of  bacteria  which  it  contains  and  is  determined  with  a 
photoelectric  absorption  meter.  According  to  Strickland's  data,  this 
method  has  proved  to  be  the  most  suitable  for  determining  small  quanti¬ 
ties  of  bacteria  in  air. 

Krotov's  apparatus  (Pig.  17)  consists  of  a  cylinder  covered  with  a 
removable  lid.  Beneath  the  lid  is  a  stage  bearing  a  Petri  dish  fitted 
with  attachments  to  hold  it  in  place  and  containing  agar  or  some  other 
solid  medium.  Air  is  taken  into  the  device  through  a  wedge-shaped  slit  * 

in  the  lid,  using  an  electric  motor  (127  and  200  v).  The  motor  also  i 
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turns  the  stage  bearing  the  Petri  dish.  At  the  bottom  of  the  cylinder  Is 
an  aperture  through  which  the  air  passes  Into  the  outlet  tube,  which  Is 
connected  to  a  fluid  manometer  that  shows  the  quantity  of  air  passing 
through  the  apparatus  per  min.  Before  conducting  the  Investigation  Petri 
dishes  10  cm  In  diameter  must  be  filled  with  selective  nutritive  media 
for  the  causative  agents  of  especially  dangerous  and  ocher  infections. 

Use  of  selective  media  for  different  bacteria  Is  obligatory,  forming  the 
basis  for  rapid  culturing.  The  medium  must  be  poured  so  as  to  produce  a 
horizontal  surface  and  permitted  to  dry. 

Before  samples  are  taken  the  motor  Is  plugged  in  and  the  air-flow 
rate  Is  adjusted  to  25  liters  per  min  with  the  rheostat.  The  motor  is 
then  shut  off,  the  lid  Is  removed,  and  an  open  Petri  dish  Is  fastened  to 
the  stage  with  the  springs;  the  lid  Is  then  closed  and  locked  and  the  mo- 
tor  la  plugged  In  again. 

The  microorganisms  which  enter  the  apparatus  with  the  air  are  dis¬ 
tributed  uniformly  over  the  Petri  dish.  After  culturing  in  a  heater  for 
10-15  hr  or,  in  some  cases,  less,  smears  can  be  prepared  from  the  bacter- 
_al  colonies  and  stained  by  various  methods.  Including  the  luminescent  - 
serum  technique.  Bacteria  from  mature  colonies  can  be  used  for  the  ml- 
croagglutlnation  reaction  on  slides,  for  preparation  of  haptens  for  the 
precipitation  reaction,  and  for  animal  inoculation.  Further  identifica¬ 
tion  of  the  bacteria  depends  on  the  preliminary  data  obtained. 
Determination  of  bacterial  contamination  of  air  with  membrane  filters 

(Temporary  methodological  instructions  for  determination  of  the  dust 
content  and  bacterialological  contamination  of  atmospheric  air  In  cities. 
Ministry  of  Public  Health  USSR,  1955) 

A  Zeitz-type  filter  device  and  membrane  filters  Nos.  2,  3  and  4  are 
used  for  analyzing  atmospheric  microflora. 

Preparation  of  membrane  filters  and  apparatus.  The  membrane  filters 
are  checked  for  defects  (cracks,  holes,  etc.).  The  filters  selected  are 
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placed  In  distilled  water,  heated  to  50-60*  (in  order  to  avoid  warping) 
boiled  for  5  min,  and  then,  changing  the  water,  boiled  twice  for  15  mir 
The  filters  are  removed  with  a  flamed  forceps  and  3  or  4  are  placed  it, 
sterile  Petri  dish  to  dry,  interlayering  them  with  three  layers  of  st¬ 
ile  filter  paper.  Circular  pieces  of  filter  paper  are  cut  to  conform  t> 
the  size  of  the  dish,  with  4  small  slits  on  their  four  sides  (to  permi 
more  convenient  removal  of  the  filters)  and  sterilized  beforehand  with 
dry  heat  in  Petri  dishes. 

The  dishes  containing  the  filters  are  placed  in  a  heatrr  and  held 
at  43-45*  for  24  hr  or  37*  for  48  hr  to  permit  complete  drying.  The 
filters  must  be  completely  dry  (their  reticular  structure  should  not  \. 
visible),  since  the  air  will  not  otherwise  pass  through  them.  The  ster¬ 
ile  filters  can  be  prepared  beforehand,  maintaining  conditions  to  pre¬ 
vent  contamination  during  storage.  Before  samples  are  taken  the  filter 
device  is  sterilized  in  an  alcohol-  or  Bunsen-burner  flame.  Care  must 
be  taken  that  the  water  which  condenses  on  the  surface  of  the  apparatus 
(the  upper  cylinder  and  funnel)  is  completely  dried,  since  the  membr: . . 
filter  will  otherwise  adhere  to  the  surface  of  the  device  after  air 
aspirated  and  be  difficult  to  remove.  The  sterilized  and  dried  cylinder 
is  covered  with  a  sterile  tumbler  or  glass  stopper  (from  a  bottle).  TIk 
membrane  filter  is  placed  on  the  sterile,  dried  surface  of  the  r.tage 
with  sterile  forceps  and  fastened  in  place.  The  cylinder  should  fit 
tightly  around  the  funnel,  so  that  the  Joint  is  hermetic. 

Investigative  technique.  In  order  to  draw  air  through  the  membrane 
filter  a  rubber  tube  is  attached  to  the  fitting  on  the  stage  and  con¬ 
nected  to  a  blower  through  a  rheometer.  The  outlet  for  drawing  off  air 
is  hermetically  sealed  with  a  rubber  tube  fitted  around  a  glass  rod.  A 
blower  of  the  type  designed  by  the  Petroleum  Institute  imeni  Qubkin, 
equipped  with  an  electric  motor,  can  be  used  for  drawing  air  through  th 


device.  A  water  aspirator  can  be  employed  If  electric  power  Is  not 
available*  setting  up  a  difference  In  level  of  2.5  n.  The  apparatus  Is 
mounted  in  a  stand  In  an  inclined  position*  its  open  end  facing  into 
the  air  flow;  the  glass  stopper  or  tumbler  is  removed  from  the  cylinder 
and  the  motor  is  switched  on.  Air  is  drawn  through  at  a  rate  of  10  11* 
ters  per  min.  A  total  of  100-200  liters  of  air  is  drawn  through  each 
membrane  filter  at  the  highest  elevation*  while  50-75  liters  is  drawn 
through  1.5  m  above  the  ground.  The  quantity  of  air  Investigated  can  be 
varied  in  accordance  with  .its  bacterial  contamination.  When  filtration 
is  finished  the  membrane  filter  is  placed  on  the  surface  of  a  solid  nu¬ 
tritive  medium  with  sterile  forceps. 

In  taking  samples  of  anaerobic  bacteria  the  membrane  filter  is 
placed  culture  down  on  a  ferrous  sulfite  medium  (see  page  973)  and 
flooded  with  10-15  ml  of  ordinary  meat -infusion  or  nutritive  agar.  It 
is  necessary  to  keep  air  bubbles  from  forming  between  the  membrane  fil¬ 
ter  and  the  surface  of  the  nutritive  medium.  A  total  of  four  membrane 
filters  can  be  placed  on  each  dish  containing  nutritive  medium.  The 
cultures  are  Incubated  and  examined  in  the  same  manner  as  in  Krotov's 
method  for  determining  the  bacterial  contamination  of  air. 

Example  of  calculation.  Air  is  passed  through  a  membrane  filter 
for  5  min  at  a  rate  of  10  liters  per  min,  for  a  total  of  50  liters.  The 
membrane  filter  is  placed  on  a  nutritive  medium  and  240  bacterial  colo¬ 
nies  grow. 

The  number  of  bacteria  per  m^  of  air  equals  240*1000/50  -  4800. 

In  investigating  air  under  special  conditions  the  filters  to  be 
used  for  culturing  are  placed  on  solid  selective  nutritive  media  devel¬ 
oped  for  the  bacteria  responsible  for  especially  dangerous  infections. 
The  material  is  also  washed  from  the  filters  with  a  small  quantity  of 
physiological  solution  and  used  to  inoculate  animals  sensitive  to  es- 
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peclally  dangerous  infections. 

Filters  of  nitrocellulose  and  other  materials  have  been  suggested 
for  Investigating  air.  The  data  obtained  In  evaluating  their  suitability 
for  this  purpose  are  contradictory.  Some  authors  believe  them  to  be  very 
suitable  for  Investigating  air,  while  others  hold  that  they  yield  un¬ 
satisfactory  results. 

Determination  of  bacterial  contamination  of  air  with  soluble  fil¬ 
ters.  The  Idea  of  using  soluble  filters  Is  very  attractive.  Attempts  have 
been  made  to  pass  air  through  sodium  chloride,  sugar,  sodium  blphocphate, 
on  .  magnesium  sulfate.  The  adsorbants  were  then  dissolved  and  cultured 
on  a  solid  nutritive  medium.  It  was,  however,  found  that  many  adsorbants 
suppress  bacterial  growth.  Mitchell,  Timmons  and  Dorris  (1950)  developed 
a  method  for  preparing  water-soluble  filters  from  a  dry  gelatin  froth. 

A  total  of  40  g  of  gelatin  and  4  ml  of  glycerine  are  added  to  100  liters 
of  distilled  water.  The  mixture  is  held  In  a  water  bath  at  52"  until  the 
gelatin  dissolves  and  shaken  to  obtain  a  uniform  gelatin  solution.  It 
Is  best  to  use  a  mixture  to  stir  the  suspension.  The  solution  Is  poured 
Into  rectangular  wax-paper  molds  and  placed  in  a  vacuum  desiccator  con¬ 
taining  calcium  chloride.  The  air  is  evacuated  from  the  desiccator  un¬ 
til  all  the  air  bubbles  have  disappeared  and  a  layer  of  froth  Is  formed. 
Vacuum  drying  is  continued  for  3-4  days.  The  dry  gelatin  froth  Is  porous 
and  has  a  high  tensile  strength.  The  size  of  the  pores  can  be  regulated 
by  varying  the  thickness  of  the  gelatin  layer,  a  thin  layer  having  finer 
pores.  Filters  of  the  requisite  size  are  cut  from  the  blocks  of  gelatin, 
using  a  special  template  and  a  razor  blade  or  knife.  They  are  placed  In 
sterile  paper  envelopes  and  sterilized  with  carboxide,  which  Is  a  mix¬ 
ture  of  10£  ethylene  oxide  and  90 %  carbon  dioxide  by  volume.  Since  the 
solubility  of  the  filters  Is  substantially  reduced  when  the  ethylene 
oxide  is  sterilized,  some  authors  feel  that  unsterile  filters  can  be 
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used  for  collecting  pathogenic  bacteria ,  neglecting  the  small  number  of 
saprophytes  which  may  be  retained  during  their  preparation. 

In  order  to  aspirate  air  the  gelatin  filters  are  placed  in  a  Zeltz 
apparatus  or  in  the  special  device  designed  by  A. Ye.  Vershigora  (1957) , 
which  is  a  small  metal  funnel  in  which  the  filter  is  fixed  with  a  metal 
washer.  After  aspiration  the  filters  are  placed  in  sterile  envelopes  of 
cellophane  or  some  other  heavy  material  and  forwarded  to  the  laboratory 
for  examination.  At  the  laboratlry  the  filters  are  dissolved  l.s  100  ml 
of  physiological  solution  containing  glass  beads,  heating  them  in  a  wa¬ 
ter  bath  at  37*  for  30  min  and  periodically  shaking  them. 

A. Ye.  Vershigora  (1959)  somewhat  modified  Mitchell's  method.  The 
requisite  number  of  gelatin  filters  is  obtained  by  the  following  method: 
50  g  of  nutritive  gelatin,  140  ml  of  distilled  water,  and  9  ml  of  gly¬ 
cerin  are  poured  into  a  flask  with  a  capacity  of  500-700  ml.  After  the 
gelatin  has  swollen  it  is  dissolved  by  placing  the  flask  in  a  water  bath 
at  60-65*  for  15-20  min.  The  mixture  is  then  shaken  to  produce  a  uniform 
mass.  The  gelatin  solution  is  poured  into  pa raff in -cove red  boxed  with 
the  necessary  diameter  and  3  cm  high.  The  boxes  are  placed  in  a  vacuum 
desiccator  containing  1.5  kg  of  crystalline  calcium  chloride.  The  air  is 
evacuated  from  the  desiccator  with  a  vacuum  pump,  so  that  the  gelatin 
mixture  becomes  a  froth.  This  froth  is  vacuum-dried  in  the  desiccator 
for  3  days.  The  dry  froth  becomes  spongy  and  filters  of  the  necessary 
size  can  be  cut  from  it  with  a  scalpel.  Gelatin  filters  are  equal  in 
bacterial  collecting  capacity  to  the  D'yakonov  apparatus.  They  can  be 
used  for  investigating  the  atmospheric  microflora  at  low  temperatures, 
where  liquid  media  or  media  containing  agar  freeze  and  become  unusable. 

In  working  with  gelatin  filters  it  is  necessary  to  avoid  prolonged 
heating  at  elevated  temperatures  when  dissolving  them,  since  this  sharp¬ 
ly  reduces  the  number  of  vegetative  bacteria  in  the  filter.  In  investi- 
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gating  air  for  pathogenic  bacteria  gelatin 
filters  are  used  for  culturing  on  selective 
nutritive  media  and  for  inoculating  sensit:  ve 
animals. 

Sodium  alginate,  a  fibrous  material  simi¬ 
lar  to  cotton,  can  be  employed  for  soluble 
filters.  Experiments  have  shown  that  it  re¬ 
tains  all  microorganisms  when  air  Is  aspirated 
through  it.  It  Is  highly  soluble  In  water  and 
withstands  sterilization  at  125* •  Some  authors 
recommend  sodium  gluconate  for  soluble  filters. 

Determination  of  microbiological  contam¬ 
ination  of  air  with  liquid  filters.  Various 
liquids  retain  microorganisms  when  air  is  passed  through  them.  The  ma¬ 
jority  of  the  numerous  devices  which  have  been  proposed  for  investigat¬ 
ing  air  by  this  method  are  modifications  of  the  well-known  D'yakonov 
apparatus  and  differ  from  one  another  in  the  shape  of  the  flask  con¬ 
taining  the  collecting  liquid  and  the  size  and  shape  of  the  outlets  for 

the  tubes  through  which  the  air  Is  drawn.  One  advantage  of  such  device? 

i 

is  the  fact  that  they  have  a  greater  bacterial  collecting  capacity  than 
devices  using  membrane  or  soluble  filters.  In  addition,  liquids  retain 
viruses  and  Rickettsiae  when  air  is  aspirated  through  them. 

The  United  States  Public  Health  Service  recommends  a  12-flask  air- 
sampling  apparatus  with  a  liquid  bacteria  collector  and  suggests  that 
Civil  Defense  units  be  equipped  with  these  devices  for  taking  air  sam¬ 
ples.  The  apparatus  permits  continuous  samp-'  ing  over  a  period  of  4  hr. 
Other  air-sampling  methods  have  also  been  proposed. 

One  drawback  of  devices  employing  liquids  is  the  fact  that  they 
cannot  be  used  at  very  low  temperatures;  in  addition,  when  the  air  Is 
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Pig.  18.  D'yakonov 
apparatus. 


i 


passed  through  the  liquid  in  the  farm  of  very  large  bubbles  only  those 
baoterla  at  the  surface  of  the  bubbles  are  adsorbed. 

P.P.  D'yakonov's  apparatus  (Fig.  18).  This  apparatus  consists  of 
a  glass  vessel  with  two  tubes  -  one  for  the  air  stream,  which  reaches 
almost  to  the  bottom  of  the  vessel,  and  the  other  for  attachment  of  the 
pump.  The  tubes  are  plugged  with  sterile  cotton  when  the  device  is  in 
use.  The  bottom  of  the  vessel  is  filled  with  glass  beads  and  the  col¬ 
lecting  liquid  (broth  or  physiological  solution)  is  poured  in.  The  ap¬ 
paratus  is  then  sterilized.  After  air  has  been  drawn  through  the  device 
the  liquid  is  poured  and  Investigated  by  various  bacteriological  methods 
making  smears  and  staining  them  by  simple  and  complex  methods,  includ¬ 
ing  the  luminescent -serum  method,  making  cultures  on  selective  media, 
and  inoculating  animals. 


7 


Fig.  19.  Rechmenskly  apparatus. 


S.S.  Rechmenskl; 


aaratus 


This  apparatus  is  based  on 


repeated  atomization  of  a  liquid,  which  traps  microorganisms  when  air  is 


passed  through  the  device.  Researchers  who  have  worked  with  the  appara¬ 
tus  feel  that  it  has  good  collecting  properties.  It  consists  of  a  glass 
cylinder  (1,  2)  containing  a  funnel  which  terminates  in  a  capillary  (3) 
The  latter  Is  approached  at  a  right  angle  by  a  second  capillary  (4), 
which  leads  to  a  reservoir  containing  3-3*5  ml  of  the  collecting  liquid 
(5).  The  capillaries  form  an  atomizer.  The  upper  wall  of  the  cylinder 
has  an  aperture  (7)  into  which  a  blade  (8)  is  fitted  to  increase  the 
dispersion  of  the  liquid  and  the  precipitation  of  bacteria  when  air  is 
passed  through  the  device.  At  the  end  of  the  cylinder  is  an  aperture 
(ts for  attachment  of  a  rubber  tube  and  rheometer,  in  order  to  deter¬ 
mine  the  quantity  of  air  pumped  through  the  apparatus.  After  a  test  has 
been  run  the  liquid  Is  poured  out  through  aperture  No.  7  and  used  for 
various  bacteriological  and  vlrological  investigations  (smeare,  cul¬ 
tures,  inoculation  of  animals,  etc.). 

V.S.  Klktenko's  apparatus  (Fig.  20).  This  apparatus  is  very  simple 
and  can  be  set  up  in  any  laboratory.  It  requires  a  250-ml  bottle  14  cm 
deep  and  6.5  cm  in  diameter,  with  a  side-arm;  a  glass  U-tube  approxi¬ 
mately  25  cm  long  and  1.5  cm  thick  Is  attached  to  the  mouth  of  the  bot¬ 
tle.  The  bottle  us  turned  bottom  up  and  a  rubber  tube  30-40  cm  long  is 
attached  to  the  side-arm,  which  Is  located  near  the  bottom.  The  U-tube 
and  the  lower  portion  of  the  bottle  are  filled  with  225-230  g  of  glass 
beads  (approximately  725-730  beads)  6  mm  in  diameter.  The  beads  must  be 
manufactured  from  neutral  glass.  A  total  of  40  ml  of  physiological  solu 
tion  or  broth  is  then  poured  into  the  apparatus.  When  the  experimenter 
Inhales  through  the  tube  near  the  bottom  air  is  aspirated  from  the  bot¬ 
tle  and  new  air  enters  It  from  the  atmosphere.  Any  bacterial  aerosols 
present  In  this  air  are  collected  when  It  passes  through  the  liquid  and 
beads.  An  Intermittent  pump  or  human  breathing  can  be  used  to  operate 
the  device.  In  taking  samples  of  contaminated  air  the  apparatus  is  con- 


nected  to  the  respiratory  valve  of  a  gas-mask. 


*  • 

StM nr 


Fig.  20.  Klktenko  apparatus,  l)  General  view; 
2)  cross-section;  3)  air  flow. 


Fig.  21.  Rudenko  apparatus.  1) 
Air  flow;  2)  rubber  stopper;  3) 
glass  vessel;  4)  atomizer;  5) 
bacterla-collectlng  liquid. 


After  the  air  samples  have  been  taken  30  ml  of  the  liquid  is 
poured  into  a  sterile  test-tube  or  flask,  using  a  sterile  pipette  to 
hold  back  the  beads.  The  liquid  is  used  for  various  bacteriological  and 
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vlrologlcal  Investigations. 

N.M.  Rudenko's  apparatus  (Fig.  21).  In  1956  N.M.  Rudenko  proposed 
a  very  simple  original  device  for  collecting  vlrasols,  based  on  the  atom 
lzatlon  principle.  His  apparatus  consists  of  a  glass  vessel  sealed  with 
a  rubber  stopper.  A  tube  bearing  an  atomizer  and  a  tube  for  the  air  out¬ 
flow  pass  through  holes  in  the  stopper.  In  order  to  collect  bacteria, 
viruses,  and  Rickettsiae  physiological  solution  or  broth  is  poured  Into 
the  bottom  of  the  vessel  and  then  used  for  microbiological  Investiga¬ 
tions  and  animal  Inoculation.  When  In  use  the  device  is  connected 
through  rubber  tubing  to  a  rheometer  and  then  to  a  pump. 

A  liquid  prepared  by  mixing  70  ml  of  physiological  solution  and  30 
ml  of  neutral  glycerine  can  be  used  for  collecting  microorganisms  at 
low  temperatures  with  the  D'yakonov,  Rechmenskly,  Klktenko,  and  Rudenko 
devices.  This  mixture  remains  liquid  down  to  -18*. 

A  comparative  evaluation  of  methods  for  bacteriological  Investiga¬ 
tion  of  air  from  enclosed  areas  has  shown  that.  If  the  results  obtained 
with  the  Krotov  apparatus  are  taken  as  100,  the  Rechmenskly  device 
yields  a  figure  of  139#,  membrane  filters  a  figure  of  82.1#,  and  the 
D'yakonov  device  a  figure  of  59*9#  (V.V.  Vlodavets,  1957).  The  Krotov 
and  Rechmenskly  devices  are  consequently  the  most  advanced  and  efficient 
devices  for  bacteriological  Investigation  to  determine  the  dust -phase 
bacterial  content  of  air  from  enclosed  areas,  other  methods  and  devices 
being  less  effective.  The  Rechmenskly  collector  can  be  used  to  detect 
pathogenic  bacteria,  viruses,  and  Rickettsiae  In  air.  The  collecting 
efficiency  of  various  devices  is  almost  identical  v;lth  respect  to  coarse 
'y  dispersed  bacterial  aerosols,  but  varies  from  device  to  device  In  the 
following  manner  for  finely  dispersed  aerosols  (A.Ya.  Vershlgora,  1959): 
Rechmenskly  syphon  collector  -  150#,  bubbler  collector  -  121#,  Krotov 
apparatus  -  IO756,  D'yakonov  apparatus  -  100#,  gelatin  filters  -  95^, 


and  dish  method  -  20%. 

The  following  figures  have  been  obtained  for  collect  Ion  of  bacteria 
from  finely  dispersed  aerosols:  Rechmenskiy  syphon  collector  -  15Q%, 
Krotov  apparatus  -  1^0%,  D'yakonov  apparatus  —  100%,  gelatin  filters  - 
S3%»  bubbler  collector  —  72%,  and  dish  method  -  l8£. 

These  data,  which  describe  the  devices  and  their  comparative  effi¬ 
ciency,  Indicate  that  several  of  them  must  be  used  simultaneously  for 
collecting  bacterial  aerosols.  Some  of  them  are  only  suitable  for  detect¬ 
ing  pathogenic  bacteria,  while  others  can  be  used  for  detecting  bacteria, 
viruses,  and  Rickettsiae  In  air.  Only  thorough  Investigation  of  air,  in¬ 
volving  the  use  of  several  devices,  culturing  on  selective  media,  ani¬ 
mal  Inoculation,  and  Identification  of  the  pathogenic  bacteria  found, 
yields  satisfactory  results. 

Use  of  a  well -designed  Impact  device  is  extremely  Important  In 
rough  Identification.  Luminescent  sera  should  be  used  to  stain  the  pre¬ 
cipitated  aerosol  on  slides  in  the  Impact  device.  The  material  washed 
from  the  slides  must  be  cultured  on  nutritive  media  and  employed  for 
animal  Inoculation.  Bacterial  aerosols  must  be  simultaneously  cultured 
on  solid  and  liquid  selective  media,  using  the  Krotov  apparatus  and  mem¬ 
brane  and  gelatin  filters. 

The  D'yakonov  and  Rechmenskly  or  D'yakonov  and  Rudenko  devices 
should  be  used  In  parallel  for  Investigating  aerosols,  employing  a  li¬ 
quid  which  collects  bacteria,  viruses,  and  Rickettsiae.  As  soon  as  the 
air  samples  have  been  taken  the  liquid  from  the  devices  Is  cultured  on 
selective  media  and  used  to  Inoculate  animals.  Smears  are  also  prepared 
and  stained  with  luminescent  sera. 

Taking  Soil  Samples  and  Samples  from  the  Surface  c£  Objects 

In  taking  soil  samples  for  detection  of  bacterial  contaminants  spe¬ 
cial  attention  Is  paid  to  those  areas  which  exhibit  signs  indicating  con- 
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taminatlon.  A  sanitary -epidemiological  survey  should  be  conducted  to  in¬ 
dicate  the  areas  from  which  samples  should  be  taken. 

The  soil  samples  are  taken  in  previously  prepared  sterile  bacterial 
test-tubes,  which  should  be  sealed  with  tightly  fitting  rubber  stoppers. 
The  test-tube  is  opened,  its  upper  end  is  used  to  loosen  the  surface 
layer  of  the  soil  to  a  depth  of  no  more  than  0.3  cm,  the  entire  tube  is 
filled  with  earth,  taking  25-30  g,  and  it  is  then  tightly  restoppered. 

Soil  samples  are  taken  every  30-50  m  along  a  given  street  or  field 
and  more  frequently  in  areas  suspected  of  being  contaminated. 

Samples  taken  from  a  given  locality  are  numbered  and  wrapped  in 
heavy  paper,  which  is  labeled  with  the  address  (city,  neighborhood, 
street,  house  number,  etc.)  and  date  (year,  month,  day,  and  hour).  The 
paper-wrapped  test-tubes  are  packed  in  tightly  closed  boxes,  which  are 
also  labeled  with  the  address  where  the  samples  were  taken.  The  packing 
slip  which  accompanies  the  soil  to  the  laboratory  indicates  the  number 
of  samples,  the  sampling  site,  and  the  date. 

Individual  vegetation  samples  can  also  be  sent  to  a  microbiological 
laboratory  for  examination;  these  are  cut  with  sterile  scissors  and 
placed  in  sterile  Jars  or  large  test-tubes  or  wrapped  in  sterile  heavy 
paper  or  cellophane.  The  packing  slip  shows  the  sampling  site  and  the 
date. 

It  is  also  necessary  to  take  samples  from  various  surfaces  with  cot¬ 
ton  pads  wetted  in  physiological  solution.  The  pads  are  prepared  before¬ 
hand,  moistened,  and  placed  in  sealed  sterile  jars.  A  pad  is  removed 
from  its  Jar  with  a  tweezers  or  forceps,  wiped  across  the  surface  of  the 
object,  and  placed  in  another  tightly  sealed  sterile  Jar.  Such  pads  can 
be  used  for  taking  samples  from  the  roofs  and  walls  of  houses,  the  sur¬ 
face  of  asphalt  streets  and  sidewalks,  highway  vehicles,  outer  clothing, 
furniture,  and  other  objects.  A  tag  indicating  the  sampling  site  and  the 


date  (year,  month,  day,  and  hour)  la  attached  to  the  Jar  containing  the 
used  pads.  The  latter  Is  then  wrapped  In  paper,  padded  with  cotton  or 
paper,  packed  In  tightly  covered  boxes,  and  sent  to  the  laboratory  for 
examination.  The  packing  slip  Indicates  the  sampling  site,  the  date, 
and  the  number  of  samples. 

PACKING  AND  SHIPPING  OP  MATERIAL  FOR  LABORATORY  EXAMINATION 
Prof.  K.I.  Matveyev 

Material  for  laboratory  examination  can  be  taken  from  a  patient, 
a  cadaver,  or  the  environment.  Material  should  be  taken  for  examination 
in  accordance  with  pathogenetic  data  on  the  disease.  The  appropriate 
specific  chapters  indicate  what  type  of  material  should  be  taken  from 
the  patient  in  individual  infections.  It  is  important  to  follow  these 
recommendat ions . 

Material  taken  from  patients  should  be  placed  in  an  appropriate 
well-sealed  sterile  container.  Small  Jars  of  different  sizes  with  ground 
or  tightly  fitted  rubber  stoppers  can  be  used  for  this  purpose.  Flasks 
-ith  rubber  stoppers  can  be  employed  for  liquid  and  semiliquid  materials, 
faring  sterilization  the  jars  and  flasks  are  stoppered  with  cotton  plugs 
and  paper-wrapped  rubber  stoppers  of  the  proper  size  are  tied  to  them. 
Small,  tightly  sealed  wide-mouth  Jars  are  used  for  solids  taken  from 
cadavers  (pieces  of  organs,  etc.). 

The  packing  slip  accompanying  all  material  taken  from  patients  or 
cadavers  must  indicate  the  patient's  surname,  given  name,  and  patronymic, 
the  date  when  the  specimen  was  taken  (month,  day,  and  year),  and  a  des¬ 
cription  of  the  material  and  the  site  from  which  it  was  taken,  e.g., 
blood  from  vein,  blood  from  placenta,  pus  from  wound,  pus  from  anthrax 
carbuncle,  etc.  When  pieces  are  taken  from  a  cadaver's  organs  the  site 
(liver,  lungs,  small  intestine,  etc.)  must  be  listed.  The  packing  slips 
are  pasted  onto  the  containers  and  must  be  fastened  down  with  twine  or 
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thread,  since  they  may  drop  off  if  they  are  merely  glued  on.  | 

Since  certain  pathogenic  microorganisms  (the  causative  agents  of 
dysentery,  meningitis,  etc.)  soon  die  outside  the  human  body,  it  is  ne¬ 
cessary  to  try  to  make  the  time  between  the  taking  of  the  material  and 
the  beginning  of  the  examination  as  short  as  possible.  In  such  cases 
cultures  are  made  on  nutritive  media  at  the  patient's  bedside.  In  addi¬ 
tion,  the  material  taken  from  the  patient  can  be  shipped  with  a  preser¬ 
vative  (in  investigating  the  feces  for  typhoid,  paratyphoid,  and  dysen¬ 
tery  bacteria,  etc.). 

The  material  taken  from  the  patient  (corpse)  is  sent  to  the  lab¬ 
oratory  with  an  accompanying  packing  slip,  which  indicates  the  patient's 
surname,  given  name,  and  patronymic,  the  date  when  the  material  was  ta¬ 
ken,  the  manner  in  which  it  was  taken,  and  the  number  of  Jars,  flasks, 
etc.  A  brief  note  is  also  made  of  clinical  data,  the  data  of  the  onset 
of  the  disease,  and  the  preliminary  or  final  diagnosis. 

The  same  techniques  are  used  for  taking  material  from  the  environ¬ 
ment  and  sending  it  to  a  laboratory  as  for  material  taken  from  patients. 

All  samples  must  be  shipped  in  sterile  vessels  or  containers,  as  soon 
after  they  are  taken  as  possible. 

Water  is  shipped  in  large  sterile  bottles  enclosed  in  appropriate 
containers,  which  should  keep  the  water  from  freezing  in  winter  and 
overheating  in  summer.  Water  samples  to  be  examined  should  be  shipped 
immediately  after  they  are  taken. 

Air  samples  are  taken  under  field  conditions  with  mobile  labora¬ 
tories  specially  equipped  for  this  purpose.  Initial  examination  of  air 
samples  can  also  be  carried  out  in  these  laboratories. 

The  basic  examination  of  air  samples  must  be  conducted  in  perman¬ 
ent  laboratories,  to  which  all  the  initial  material  must  be  sent.  Air 
shipped  for  examination  should  be  treated  in  precisely  the  same  manner 
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as  infectious  material  taken  from  patients  with  especially  dangerous  in¬ 
fections.  Special  iron  boxes  should  be  fitted  out  for  shipping  fixed 
smears;  the  boxes  are  sterilized  after  use.  Culture-bearing  media  are 
shipped  In  special  containers ,  which  keep  them  from  freezing  in  winter 
and  overheating  in  summer.  Filters  through  which  air  has  been  passed  are 
shipped  in  especially  adapted  iron  boxes.  Liquids  are  shipped  in  sterile 
flasks  or  test-tubes  sealed  with  rubber  stoppers,  which  are  placed  in 
containers  that  protect  them  from  heating  and  freezing.  The  packing 
slip  should  indicate  the  sample  number,  the  sampling  site,  the  sampling 
date  (year,  month,  and  day),  the  apparatus  used  (the  method  of  taking 
air  samples,  etc.),  and  the  material  taken  for  examination  (air,  water, 
soil,  washings  from  surfaces,  etc.). 

Samples  of  solid  foodstuffs  which  have  caused  or  are  suspected  of 
causing  food  poisoning  are  carefully  wrapped  in  parchment  paper,  cello¬ 
phane,  etc. ;  liquids  are  shipped  in  flasks  and  semiliquids  in  well- 
sealed  Jars,  which  are  first  sterilized  or  thoroughly  boiled.  Foodstuffs 
shipped  to  a  laboratory  for  examination  should  be  accompanied  by  a  pack¬ 
ing  slip  indicating  the  sampling  site  (address),  the  sampling  date 

(year,  month,  and  day),  the  number  of  samples,  the  name  of  the  product, 

% 

the  type  number,  the  series,  the  manufacturer,  and  who  sold  the  material 
to  the  consumer.  If  there  are  patients  whom  the  product  has  poisoned  a 
brief  description  of  their  symptoms  and  diagnosis  is  appended. 

Samples  taken  from  the  environment,  a  patient,  or  a  cauaver  for 
examination  are  sent  to  the  laboratory  by  special  messenger,  the  indi¬ 
vidual  in  question  being  given  papers  indicating  that  he  is  legally 
transporting  the  infectious  material  entrusted  to  him. 
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TYPHOID  FEVER 

Ye. 0.  Mel'nik,  Candidate  of  Medical  Sciences 

As  a  result  of  the  wide  recent  use  of  antibiotics  for  treating  in¬ 
testinal  infections,  typhoid  fever  is  now  characterized  by  an  extreme 
diversity  of  clinical  manifestations,  with  an  increase  in  the  proportion 
of  mild  and  nonsymptomatic  forms,  which  has  created  serious  difficulties 
In  its  clinical  diagnosis.  This  has  made  laboratory  diagnostic  methods 
of  decisive  importance  in  a  number  of  cases. 

Regardless  of  whether  the  Illness  is  caused  by  S.  typhi  (typhoid 
bacterium),  S.  paratyphi  (paratyphoid  A  bacterium),  or  S.  schcttmuelleri 
(paratyphoid  B  bacterium),  it  is  usually  accompanied  by  a  unique  clinical 
symptomatology  and  always  has  the  same  anatomic  basis.  Differential  diag¬ 
nosis  of  typhoid  and  paratyphoid  can  consequently  be  carried  out  only 
by  laboratory  methods  -  isolation  of  a  culture  of  the  causative  agent 
from  the  patient's  body  or  detection  of  specific  antibodies  in  his  blood 
serum. 

The  difficulties  of  laboratory  diagnosis  lie  in  the  fact  that  ty¬ 
phoid-paratyphoid  bacteria  have  many  characteristics  similar  to  those 
of  other  coliform  bacteria. 

The  causative  agents  of  typhoid  fever  fall  into  the  extensive  fam¬ 
ily  Enterobacteriaceae ,  genus  Salmonella,  and  differ  in  serological 
classification  (see  Table  24)  in  accordance  with  the  composition  of 
their  somatic  (0)  antigens. 

Morphology  of  the  causative  agents  of  typhoid  fever 

The  bacteria  responsible  for  typhoid  and  paratyphoLd  A  and  B  do 
not  differ  morphologically  from  one  another  or  from  other  coliform  bac¬ 
teria.  They  are  usually  short  rods  with  rounded  ends,  1-3  u  long  and 
O.5-O.8  u,  in  diameter.  Typhoid  and  paratyphoid  bacteria  occasionally 
are  coccal,  spherical,  or  elongate  in  form.  The  rods  are  mobile  and 
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have  8-14  flagella  arrayed  over  the  entire  body.  The  causative  agents 
of  typhoid  and  paratyphoid  form  neither  capsules  nor  spores;  they  stain 
well  with  all  the  basic  analine  dyes  and  are  gram-negative. 

Biology  of  the  causative  agents  of  typhoid  fever;  cultural  properties 

The  optimum  temperature  for  growth  of  typhoid  and  paratyphoid  bac¬ 
teria  la  37**  They  grow  well  on  all  nutritive  media,  both  in  the  presence 
of  a  copious  oxygen  supply  and  under  anaeroblotlc  conditions.  They  de¬ 
velop  most  actively  when  the  medium  has  a  weakly  alkaline  reaction  (pH 
*  7. 4-7* 6).  They  grow  well  on  simple  nutritive  media  (meat -infusion 
agar,  meat-lnfuslon  broth,  gelatin,  etc.  ).  They  yield  a  uniform  cloudi¬ 
ness  in  broth,  occasionally  forming  a  small  precipitate  on  the  bottom  of 
the  test-tube,  which  rapidly  disappears  on  shaking.  Transparent  or  semi¬ 
transparent  colonies,  which  are  rounded  or  slightly  convex  and  lustrous 
(the  smooth  S  form),  are  formed  on  the  surface  of  meat -Infusion  agar; 
the  colonies  can  also  be  flat,  with  ragged  edges  (the  rough  R  form). 
Colonies  of  paratyphoid  B  are  larger  and  cloudy.  Freshly  Isolated 
strains  of  paratyphoid  B  exhibit  the  ability  to  form  spindles  after  In¬ 
cubation  In  a  heater  at  37°  for  18-20  hr  or  at  room  temperature  for  1-2 
days;  this  Is  an  Important  diagnostic  characteristic  for  identifying 
cultures  of  S.  schottmuelleri  (Fig.  22). 

During  the  fist  day  of  their  development  certain  strains  of  para¬ 
typhoid  B  produce  a  continuous  slimy  growth,  which  resembles  a  mass  of 
Jelly. 

The  majority  of  the  conform  bacteria  exhibit  a  rather  consistent 
biochemical  activity,  which  can  be  used  to  Identify  the  cultures  iso¬ 
lated.  In  contrast  to  E.  coll  ,  typhoid-paratyphoid  bacteria  do  not  de¬ 
compose  lactose,  sucrose,  or  sallcln,  but  produce  acids  and  gases  in 
media  containing  manose,  glucose,  maltose,  and  other  sugars.  Bacteria 
of  the  typhoid-paratyphoid  group  do  not  form  indol,  do  not  liquefy  gela- 
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tin,  and  do  not  ferment  or  otherwise 
alter  milk  for  Quite  some  time.  After 
14  days  the  milk  undergoes  clarification 
and  acquires  a  slightly  yellowish-brown 
tint.  These  biochemical  characteristics 
differ  from  those  of  E.  coli  and  other 
nonpathogenic  bacteria  found  in  the  hu¬ 
man  intestine.  Typhoid  cultures  can  be 
divided  into  three  types  in  accordance 
with  their  ability  to  decompose  xylose 
and  arabinose.  Type  X  comprises  cultures 
which  decompose  xylose  and  not  arabinose,  type  II  includes  strains  which 
affect  neither  xylose  nor  arabinose,  and  type  III  comprises  cultures' 
which  ferment  both  xylose  and  arabinose.  The  xylose -arabinose  charac¬ 
teristics  of  S.  typhi  can  be  used  for  epidemiological  purposes. 

The  first  cultures  of  typhoid  bacteria  taken  from  patients  often 
will  develop  only  in  liquid  nutritive  media.  Culturing  on  solid  media 
.including  blood  agar,  does  not  produce  colonies.  Growth  of  dwarf  colo¬ 
nies  (Fig.  23)  is  observed  only  after  incubation  for  3-4  days  in  a  heat¬ 
er  at  37°. 

A  high  degree  of  bacterial  polymorphism  is  usually  detected  in 
preparations  made  from  dwarf  colonies.  These  bacteria  usually  take  on 
the  dimensions  normal  for  typhoid  bacilli  when  subsequently  cultured  on 
liquid  media  (Ye.Q.  Mel'nik). 

Colonies  of  typhoid  and  paratyphoid  bacteria  are  colorless  on 
dishes  containing  differential  media  (Ploskirev's,  Levin's,  Endo's, 
etc.)  with  milk  sugar  (lactose;  see  Table  16),  since  they  do  not  ferment 
lactose.  Colonies  of  E.  coli  decompose  lactose  to  form  an  acid,  so  that 
they  are  stained  different  colors,  depending  on  the  indicator  used. 


Fig.  22.  Formation  of  spin¬ 
dles  by  paratyphoid  B  bac¬ 
teria.  x20. 
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TABLE  16 

Color  of  Colonies  In  Nutritive  Media 
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1)  Medium;  2)  typhoid  and  paratyphoid  colonies;  3)  E.  coll  colonies;  4) 
Plosklrev's;  5)  Levin's;  6)  Endo's;  7)  Wilson-Blair 's;  8)  transparent, 
colorless;  9)  flat,  dark,  dingy  color  after  24  hr;  black  after:  48  hr, 
occasionally  lighter  at  periphery;  10)  brick  red;  11)  dark  blu^;  12) 
with  metallic  luster;  13)  Isolated  colonies  brownish. 


Pig.  23.  Smooth  and  dwarf  colo¬ 
nies  of  typhoid  bacteria  grown 
on  agar  for  three  days  at  37° • 
x20. 


In  making  a  differential  diagnosis  It  Is  necessary  to  keep  in  mind 
the  similarity  of  the  cultural,  biochemical,  and  antigenic  characteris¬ 
tics  of  certain  bacteria  of  the  Salmonella  group.  Thus,  for  example, 

S.  paratyphi  and  S.  Sendai  differ  biochemically  only  with  respect  to 
xylose;  S.  Sendai  ferments  this  compound  to  form  an  acid  and  gas,  while 
S.  paratyphi  does  not  decorpose  it.  The  somatic  and  flagellar  antigens 
must  be  analyzed  In  making  a  complete  serological  examination.  In  con¬ 
trast  to  S.  Sendai  (1,  9,  12;  a;  1.5)*  S.  paratyphi  (1,  2,  12;  a;  — )  is 
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monophaslc,  so  that  the  2nd  phase  must  be  detected  before  a  differential 
diagnosis  can  be  made.  Serum  9  must  be  used  for  analyzing  the  0  antigens, 
since  It  agglutinates  S.  Sendai  and  not  S.  paratyphi. 

In  view  of  the  diverse  clinical  forms  of  paratyphoid  caused  by 
S.  schottmuellerl,  it  must  be  differentiated  from  S.  java  when  cultures 
are  isolated  from  the  patient's  body.  Since  they  have  the  same  antigenic 
structure  (1,  4,  5,  12;  b;  1,  2)  they  can  be  distinguished  only  by 
their  enzymatic  action  on  d-tartrate  and  the  spindle  formation  of  S. 
schottmuellerl.  Thus,  cultures  of  S.  Java  ferment  d-tartrate,  while 
S.  schottmuellerl  does  not. 

As  was  pointed  out  above,  S.  schottmuellerl  forms  slimy  spindles 
around  Its  colonies  (see  page  288),  while  S.  Java  does  not. 

This  same  characteristic  makes  it  possible  to  differentiate  S. 
schottmuellerl  and  S.  typhimurium,  which  have  similar  biochemical  and 
serological  properties.  These  two  species  also  differ  in:  l)  the 
"creeping  of  the  culture  on  a  gelatin  slant;  2)  formation  of  daughter 
colonies  on  agar  containing  \%  raffinose;  3)  enteric  infection  of  mice 
(Table  17). 

TABLE  17 

. . .  . .  . . .  _  *  J  _ 
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l)  Spindle  formation;  2)  creeping  on  gela¬ 
tin;  3)  daughter  colonies;  4)  enteric  in¬ 
fection  of  mice. 

Certain  characteristics  of  typhoid-paratyphoid  cultures.  Identifi¬ 
cation  of  the  bacteria  isolated  presents  no  difficulty  if  they  have  typ¬ 
ical  cultural,  biochemical,  and  serological  properties.  More  detailed 
study  is  necessary  when  cultures  which  have  lost  one  of  their  basic 
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traits  (atypical  cultures)  are  Isolated. 

In  recent  years,  since  antibiotics 
have  come  Into  wide  use  in  the  treatment 
of  typhoid-paratyphoid  diseases,  the 
first  generation  more  and  more  frequent¬ 
ly  exhibits  R  colonies  ranging  In  size 
from  0.5  to  1  cm,  with  festoon-like  mar¬ 
gins  (Fig.  24);  mucoid  colonies  are  oc¬ 
casionally  encountered.  In  some  cases 

Fig.  24.  S.  colonies  of  E. 

o <-•  - (dark)  and  R  colonies  these  colonies  are  hard  to  distinguish 

of  . almonella  (light,  with 

festoon -like  margins).  x20.  from  R  colonies  of  Shigella  paradysenter- 

iae.  These  R  colonies  acquire  a  smooth 

0  form  In  subsequent  cultures. 

When  bacteria  lose  their  agglutinative  properties  In  the  first 
generation  they  must  be  cultured  on  10 £  bile  broth,  repeatedly  passed 
through  this  medium,  and  cultured  on  agar  slants.  Detection  of  aggluti¬ 
native  properties  Is  aided  by  heating  at  56°  for  30  min  or  by  boiling 
the  cultures.  The  enzymatic  properties  of  typhoid-paratyphoid  bacteria 
are  found  to  be  altered  in  some  cases:  strains  are  encountered  which 
are  unable  to  ferment  certain  sugars.  Paratyphoid  A  bacteria  may  ac¬ 
quire  the  ability  to  form  hydrogen  sulfide. 

It  must  be  kept  In  mind  that  paratyphoid  cultures  occasionally 
lose  their  capacity  for  gas  formation.  In  such  cases  the  fact  that  they 
are  Salmonella  can  be  established  by  a  cross -agglutination  reaction  with 
monophasic  agglutinative  sera. 

Phagolyzabillty  can  be  used  for  studying  atypical  cultures. 


Antigenic  structure 


Microorganisms  of  the  genus  Salmonella  have  a  mosaic  antigenic 
structure:  we  can  distinguish  the  thermostable  somatic  0  antigen  and 
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the  thermolabile  flagellar  H  antigen. 

Microscopic  examination  of  a  hanging  drop  will  reveal  a  qualitative 
difference  between  H  and  0  agglutination.  H  agglutination  is  character¬ 
ized  by  an  absence  cf  bacterial  mobility  resulting  from  the  adhesion  of 
their  flagella,  which  causes  formation  of  a  coarse  conglomerate  that  can 
easily  be  broken  up.  In  0,  or  polar,  agglutination  the  bacterial  somae 
adhere  to  one  another,  the  flagella  remaining  free,  and  the  fused  mi¬ 
crobes  are  capable  of  moving  The  0  agglutinate  Is  granular  and  can  be 
broken  up  with  difficulty  by  shaking. 

The  0  antigen  is  a  gluclde-llpid-polypeptlde  complex,  which  Is 
easily  extracted  from  the  cell  with  a  trichloracetic  acid  solution 
(Buaven).  This  method  leads  to  denaturatlon  and  decomposition  of  a  ma¬ 
jority  of  the  cellular  proteins  and  causes  the  phospholipid-protein- 
polysaccharide  complex  to  go  into  solution;  this  complex  is  toxic  and 
has  antigenic  properties. 

The  flagellar  H  antigen  is  protein  in  nature,  since  heating  or 
treatment  with  trypsin  makes  it  unable  to  cause  antibody  formation  or 
to  react  with  specific  antibodies. 

The  0  and  H  antigens  differ  in  sensitivity  to  chemicals  and  to 
temperature,  which  makes  it  possible  to  obtain  either  of  them  in  pure 
form  from  the  cell.  Sera  containing  H  or  0  antibodies  are  obtained  when 
animals  are  immunized  with  the  antigens. 

In  addition  to  these  two  basic  antigens,  Felix  and  Pitt  (1934) 
found  that  the  0-antigen  contains  an  additional  antigen,  which  is  en¬ 
countered  in  strains  freshly  isolated  from  the  body.  Felix  and  Pitt 
named  this  strain  the  Vi  antigen,  associating  it  with  the  virulence  of 
the  culture.  The  VI  antigen  is  extremely  labile  when  heated  or  under  the 
action  of  dilute  acids,  alcohol,  phenol,  etc.  Discovery  of  the  Vl  anti¬ 
gen  was  a  substantial  aid  in  determining  the  serological  properties  of 


S.  typhl  and  solving  the  riddle  of  0  inagglut Inability.  The  VI  antigen 
is  distributed  over  the  surface  of  the  cell  and  prevents  it  from  agglu¬ 
tinating  with  0  sera;  it  easily  agglutinates  with  0  and  H  sera  after  the 
VI  antigen  has  been  destroyed.  Serum  containing  Vi  agglutinins  was  ob¬ 
tained  by  immunizing  rabbits  with  live  0  inagglut inable  strains  of  S. 
typhl.  The  presence  of  the  Vi  antigen  was  demonstrated  by  experiments 
involving  immunization,  agglutination,  and  absorption. 

It  was  established  that  0  inagglut inable  strains  are  more  virulent 
for  mice;  the  virulence  of  Vi  cultures  is  determined  in  terms  of  50  mil- 
ii-.-i  cells  by  intraperitoneal  injection  of  mice.  The  Vi  antigen  has 
be*’-  n  detected  both  in  S.  typhl  and  in  other  bacteria  of  the  Salmonella 
group  and  certain  members  of  the  coliform  group. 

According  to  the  data  of  Kaufman  and  Vahlne  (1945),  the  Salmonella 
have  additional  superficial  K  antigens.  The  K  antigens  are  nonuniform, 
consisting  of  three  antigens:  antigen  5>  the  Vi  antigen,  and  the  M  an¬ 
tigen.  Antigen  5  bears  no  relationship  to  culture  virulence.  Ka  fman 
detected  the  M  antigen  (mucoid  antigen)  in  mucoid  strains  of  S.  schott- 
muelleri. 

While  the  M  antigen  may  not  be  Identical  for  all  types  rf  Salmonel¬ 
la,  it  at  least  has  a  fraction  common  to  all  types. 

The  0  and  H  antigens  of  typhoid  bacteria  are  complex  antigens  con¬ 
sisting  of  several  components.  Study  of  the  composition  of  these  anti¬ 
gens  enabled  Kaufman  and  White  to  develop  a  serological  classification 
of  the  genus  Salmonella  (see  Table  24).  The  somatic  0  antigen  of  dif¬ 
ferent  bacteria  consists  of  individual  antigenic  components,  whose  com¬ 
binations  characterize  the  individual  groups  of  the  genus  Salmonella. 
Following  Kaufman's  suggestion  (1954),  the  0  antigens  are  now  custom¬ 
arily  designated  by  the  arable  numerals  1,  2,  3,  4,  5,  6,  7,  8,  9,  10, 
etc.  They  were  previously  designated  by  Roman  numerals  (I,  II,  II,  etc.  ) 
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and  this  system  is  still  encountered.  The  Salmonella  are  divided  into 
Groups  A,  B,  C,  D,  E,  F,  G,  H,  J,  etc.,  in  accordance  with!  their  com¬ 
mon  0  antigen. 

TABLE  18 

Antigenic  Structure  of  Typhoid  Bacteria 


1)  Bacterium;  2)  group;  3)  antigens;  4) 
somatic;  5)  specific,  H  phase;  6)  non¬ 
specific,  H  phase. 


The  flagellar  H  antigen  is  nonuniform  in  the  majority  of  Salmonella, 
consisting  of  two  phases  -  specific  and  nonspecific.  The  H  antigen  of 
the  specific  phase  is  customarily  designated  by  Roman  letters  (a,  b,  c, 
d,  e,  etc.),  while  the  nonspecific  phase  is  designated  by  arable  numer¬ 
als  (1-2,  1-5,  1-6,  1-7 *  etc.).  The  specific  phase  of  the  H  antigen 
furnishes  a  basis  for  dividing  the  members  of  each  group  into  serologi¬ 
cal  types,  which  plays'  a  large  role  in  diagnosing  diseases  caused  by 
bacteria  of  the  Salmonella  group. 

Table  18  shows  the  antigenic  structure  of  typhoid  bacteria,  fol¬ 
lowing  the  Kaufman-White  scheme  (see  Table  22). 

Specific  adsorbed  and  nonadsorbed  agglutinative  sera  and  monore¬ 
ceptor  Salmonella  sera  are  used  for  serological  determination  of  bacter¬ 
ia  of  the  Salmonella  group. 

Laboratory  Diagnosis  of  Typhoid  Fever 
Material  for  examination 


The  presence  of  typhoid  fever  can  be  confirmed  and  its  etiology 
determined  by  bacteriological  investigation  of  blood,  bile,  bone  marrow, 
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urine,  feces,  roseolar  contents,  cerebrospinal  fluid,  sputum,  saliva, 
or  pus  from  patients,  milk  from  nursing  mothers,  or  sectioned  material 
from  cadavers. 

Bacteriological  examination 

Bacteriological  examination  of  blood.  Blood  for  examination  is 
taken  from  the  patient 's  ulnar  vein  with  a  sterile  Luer  syringe  (the 
needle  and  syringe  are  sterilized  in  an  autoclave  or  with  dry  steam), 
observing  all  the  rules  of  asepsis.  The  quantity  of  blood  needed  for 
culturing  depends  on  the  phase  of  the  illness.  The  sample  to  be  cultured 
,/ir.  be  limited  to  10  ml  at  the  height  of  the  fever,  while  a  larger  quan¬ 
tify,  up  to  20  ml,  must  be  drawn  once  the  fever  has  abated. 

Study  of  the  pathogenesis  of  typhoid  fever  has  shown  that  typhoid 
bacteria  appear  in  the  blood  at  the  end  of  the  incubation  period  and 
are  present  during  the  first  few  days  of  fever;  bacteriological  exami¬ 
nation  of  the  blood  is  consequently  a  valuable  diagnostic  procedure, 
making  it  possible  to  recognize  the  disease  at  its  very  outset. 

Blood  can  be  used  for  culturing  throughout  the  entire  febrile  period. 
Whether  or  not  a  positive  result  is  obtained  depends  on  a  number  of  fac¬ 
tors,  undoubtedly  including  the  time  at  which  the  blood  is  taken,  the 
severity  of  the  illness,  the  quantity  of  blood  taken,  and  the  quality 
of  the  nutritive  medium  used  for  the  culture. 

The  media  which  can  be  used  for  concentration  include  Rapoport  's 
medium,  20J6  bile  broth  (100  ml  portions  in  flasks),  bovine  bile  (5-10 
ml  portions  lr.  test-tubes),  meat -inf usion  broth  with  1$  glucose  added 
(100  ml  portions  in  flasks),  sterile  distilled  water  (Klodnitskiy 's 
method),  tap  water  (Samsonov's  method;  80-100  ml  portions  in  flasks), 
and  Kalin's  citrate  medium  (5  ml  portions  in  test-tubes). 

The  volume  of  the  concentration  medium  should  be  10  times  that  of 
the  blood  to  be  cultured,  since  blood  in  a  lesser  volume  of  nutritive 
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medium  may  have  a  bactericidal  action  on  typhoid-paratyphoid  bacteria. 
The  only  exception  is  Q.P.  Kalin's  citrate  medium  (which  can  be  used  in 
a  ratio  of  1:1). 

Blood  clots  prepared  in  the  laboratory  by  Widal's  reaction  should 
be  used  for  the  hemocultures.  The  blood  serum  is  left  to  stand  and  the 
resultant  clot  is  pulverized  with  a  sterile  glass  rod,  placed  in  a 
flask  with  the  concentration  medium,  and  kept  in  a  heater  for  24-48  hr. 

Bacteriological  investigation  of  the  culture  then  takes  the  fol¬ 
lowing  course:  the  flasks  containing  the  concentration  medium  are  exam¬ 
ined  on  the  second  day.  The  medium  becomes  cloudy  if  bacterial  growth 
has  occurred.  When  no  growth  has  taken  place  the  flask  is  returned  to 
the  heater  for  7  days  and  it  is  noted  that  there  was  no  growth.  Final 
determination  of  whether  the  culture  is  negative  is  made  on  the  7th  day. 
If  the  medium  is  clear  it  is  kept  in  the  heater  for  10-15  days  and  ex¬ 
amined  daily. 

A  growth  of  typhoid -paratyphoid  bacteria  in  Rapoport's  medium  not 
only  produces  cloudiness,  but  stains  the  medium,  since  the  sugar  is 
broken  down  to  form  an  acid,  which  in  turn  reduces  the  Andrade  Indicator 
and  causes  it  to  turn  red.  In  addition  to  changing  the  color  of  the  med¬ 
ium,  a  growth  of  paratyphoid  bacteria  causes  gas  formation,  which  re¬ 
sults  in  displacement  of  material  from  the  liquefied  area.  Special  at¬ 
tention  must  be  paid  to  any  change  in  the  color  of  the  medium  in  this 
area,  which  results  from  growth  of  mobile  bacteria.  A  growtn  of  coccal 
bacteria  causes  the  medium  in  the  flask  to  become  cloudy,  while  that  in 
the  liquefied  area  remains  unchanged. 

The  affected  medium  is  cultured  on  Petri  dishes  containing  differ¬ 
ential-diagnostic  media  (Levin's,  Endo's,  etc.)  and  kept  in  a  heater 
for  18-20  hr.  The  dishes  are  examined  3  days  after  the  blood  is  cul¬ 
tured  and  2  or  3  suspected  colorless  colonies  are  isolated  on  Ressel's 
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medium  containing  urea  or  on  a  short  compound  series  (agar  slants  and 
Hiss'  medium  containing  glucose  and  lactose)  and  incubated  in  a  heater 
at  37°. 

The  growth  on  the  media  is  examined  after  18-20  hr  (i.e.,  on  the 
4th  day  of  the  investigation).  S.  typhi  does  not  change  the  color  of 
slants  prepared  from  Ressel's  medium,  but  stains  columns  red  as  a  re¬ 
sult  of  decomposition  of  the  glucose.  In  addition  to  changing  the  color 
of  columns,  S.  paratyphi  and  S.  schottmuelleri  fissure  agar  as  a  result 
of  gas  formation. 

The  morphological  properties  of  the  cultures  grown  on  agar  slants 
•  "o  studied  (by  staining  smears  by  Oram's  method).  The  lability  of  the 
bacterium  is  studied  by  the  hanging-  or  crushed-drop  method  or  in  a 
semiliquid  medium. 

If  labile  gram-negative  bacilli  are  detected  in  the  preparations 
a  rough  agglutination  reaction  is  set  up  on  a  slide,  using  specific 
Salmonella  sera.  When  a  positive  reaction  is  obtained  with  these  sera 
the  pathological  characteristics  of  the  culture  are  determined  with  mono- 
phasic  adsorbed  sera  and  a  preliminary  report  is  made. 

A  more  precise  study  of  the  culture  is  made  by  serial  agglutination 
with  specific  sera  and  culturing  on  media  containing  various  carbohy¬ 
drates  and  alcohols  (compound  series;  see  Table  24). 

The  serial  agglutination  reaction  and  the  biochemical  activity  of 
the  culture  in  the  completed  compound  series  are  evaluated  on  the  5th 
day  of  the  investigation.  The  morphology  and  lability  of  the  pure  cul¬ 
ture  Isolated  are  again  studied  at  this  time.  The  final  report  is  made 
on  the  basis  of  the  aggregate  of  the  data  obtained. 

M.A.  Rapoport  suggested  a  method  for  determining  the  bacteriemla 
index,  using  broth  containing  glucose  and  acid  fuchsin  as  an  indicator. 
The  patient's  blood  Is  cultured  in  20  test-tubes  containing  this  medium, 
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Introducing  fractionally  Increasing  quantities  of  blood,  from  0.1  to  2 
ml.  The  bacterial  growth  Is  determined  from  the  change  in  indicator 
color.  If  blood  is  taken  from  a  patient  in  serious  condition  all  the 
test-tubes  will  show  bacterial  growth,  while  in  mild  cases  there  will 
be  no  growth  in  any  of  them.  In  moderately  severe  cases  growth  will  be 
observed  in  those  test-tubes  inoculated  with  large  quantities  of  blood. 
The  growth  index  depends  on  the  severity  and  duration  of  the  illness. 

Bacteriological  examination  of  bone  marrow.  The  wide  use  of  anti¬ 
biotics  has  greatly  reduced  the  possibility  of  culturing  bacteria  from 
the  body.  While  severe  cases  will  yield  positive  hemocultures  in  100# 
of  all  cases  during  the  first  week,  in  70#  of  all  cases  during  the  2nd 
week,  in  60.7#  of  all  cases  during  the  3rd  week,  and  in  45*3#  of  all 
cases  during  the  4th  week  before  administration  of  antibiotics  (Ye.G. 
Melnik,  1938),  after  treatment  with  levomycetin  and  synthomycetin  cul¬ 
tures  were  obtained  in  60#  of  the  patients  examined  on  the  1st  and  2nd 
days  and  8#  of  those  examined  on  the  3rd  day.  The  percentage  of  posi¬ 
tive  hemocultures  was  still  lower  at  later  times  (V. I.  Pokrovskiy  and 
I.G.  Bulkina,  1956). 

The  body  Is  never,  however,  completely  freed  of  bacteria  and  mi¬ 
crobes  can  often  be  isolated  by  culturing  the  feces,  urine,  or  bile, 
even  during  treatment  or  convalescence.  A  total  of  5#  of  all  patients 
discharged  will  be  bacteria  carriers.  The  frequency  with  which  relapses 
occur  also  indicates  that  the  body  retains  bacteria. 

Typhoid  bacteria  may  persist  for  a  long  time  in  the  bone  marrow, 
even  during  antibiotic  treatment. 

A  comparative  analysis  of  the  culturability  of  bone-marrow  punc¬ 
ture  specimens  and  blood  samples  showed  that  rayelocultures  could  be  iso¬ 
lated  in  85.4#  of  all  cases,  while  hemocultures  were  positive  in  only 
41.7#  of  all  cases. 
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Bone-marrow  cultures  produce  a  more  rapid  and  copious  bacterial 
growth  than  blood  cultures. 

Sternal  punctures  are  carried  out  with  a  Raskin  needle ,  which  is 
fitted  with  a  movable  sleeve  that  makes  it  possible  to  Insert  the  needle 
to  a  predetermined  depth  and  thus  avoid  piercing  through  the  entire 
thickness  of  the  sternum.  The  puncture  is  made  in  the  manubrium  or  body 
of  the  sternum,  a  short  distance  from  the  midline.  After  the  puncture 
has  been  made  a  tightly -fitting  syringe  is  attached  to  the  needle  and 
used  to  extract  from  0.5  to  0.75  ml  of  marrow.  The  specimen  thus  ob¬ 
tained  is  cultured  in  3  ml  of  bovine  bile  or  some  other  concentration 
medium  and  incubated  in  a  heater  at  37°  for  18-20  hr;  the  investigation 
then  proceeds  in  the  same  manner  as  for  blood  cultures. 

Bacteriological  examination  of  the  duodenal  contents.  Bile  cultures 
can  be  made  either  for  purposes  of  early  diagnosis  or  to  detect  bacteria 
carriers  who  have  recovered  from  typhoid.  Making  such  cultures  during 
the  early  phase  of  the  illness  results  in  100#  culturability  (O.Ya.  Sin- 
ay,  G.M.  Kapnlk,  and  Ye.O.  Mel'nik). 

A  duodenal  probe  is  inserted  through  the  mouth  or  nose  (in  chil¬ 
dren),  with  the  stomach  empty.  The  first  portion  of  duodenal  Juice, 
which  is  light  in  color,  is  withdrawn  after  15-20  min.  This  is  portion 
A.  After  this  portion  has  been  removed  30-50  ml  of  30#  warmed  sterile 
magnesium  sulfate  solution  is  introduced  into  the  duodenum  through  the 
probe;  a  dark  brownish  or  greenish  portion  of  stored  bile,  portion  3, 
is  then  withdrawn.  Light  yellowish  bile  from  the  biliary  ducts,  portion 
C,  appears  soon  after  portion  B  is  taken.  Each  portion  is  collected  in 
an  individual  sterile  test-tube. 

The  material  thus  obtained  is  kept  in  a  heater  for  18-20  hr  and 
then  cultured  on  Petri  dishes  containing  differential  media,  which  are 
incubated  in  the  heater.  The  cultures  are  studied  by  the  technique  des- 

-  299  - 


cribed  In  the  section  headed  "Bacteriological  examination  of  feces." 

It  Is  unnecessary  to  culture  the  bile  in  concentration  media , 
since  It  Is  Itself  a  good  nutritive  medium  for  typhoid -paratyphoid  bac- 
terla.  When  a  negative  result  is  obtained  for  the  first  culture  the  bile 
is  kept  in  the  heater  for  10  days  and  then  cultured  on  solid  differen¬ 
tial  media. 

Bacteriological  examination  of  feces.  Fecal  cultures  for  detection 
of  typhoid -paratyphoid  bacteria  are  made  from  the  very  first  days  of 
illness  onward,  the  process  being  repeated  until  the  patient  recovers. 
Correct  taking  of  samples  from  ill  and  healthy  persons  for  detection  of 
carriers  is  of  great  importance.  Fecal  samples  can  be  collected  in 
lined  vessels  (which  should  have  no  traces  of  disinfectant)  or  sterile 
enameled  cr  cardboard  trays,  pans,  etc. 

A  liquid  stool  facilitates  detection  of  bacteria  in  patients  and 
convalescents.  Healthy  persons  to  be  examined  to  s-*e  whether  they  are 
bacteria  carriers  should  preliminarily  (2-3  hr  before  the  sample  is  ta¬ 
ken)  be  given  a  laxative  (a  mixture  of  magnesium  sulfate  and  sodium 
sulfate)  in  a  total  dose  of  25-30  g. 

The  action  of  the  laxative  intensifies  bile  secretion  and  the 
contents  of  the  small  Intestine  are  rapidly  evacuated  into  the  large 
Intestine  and  rectum,  mucous  "pouring"  from  the  crypts;  all  this  in¬ 
creases  the  possibility  of  a  positive  result. 

The  liquid  fecal  matter  from  the  upper  portions  of  the  intestine 
is  selected  for  the  samples,  using  wooden  spatulas  or  glass  tubes  kept 
in  a  preservative  consisting  of  a  glycerine  mixture  (30#  neutral  gly¬ 
cerine  and  70#  physiological  solution),  an  alkaline  solution,  or  10-20# 
bile  broth.  The  material  can  be  cultured  in  Muller -Kaufman ’s  concentra¬ 
tion  medium  (see  page  288). 

The  material  and  preservative  can  be  stored  in  a  refrigerator  for 
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6-8  hr.  At  the  laboratory  It  Is  Immediately  cultured  on  Petri  dishes  con 
talnlng  Plosklrev's,  Endo's,  Levin's,  or  Wilson-Blair 's  medium.  Plos- 
klrev's  medium  yields  the  best  results.  It  should,  however,  be  noted 
that  use  of  this  medium  requires  10  times  as  much  material  as  Levin's 
medium  or  the  others. 

The  cultures  are  Incubated  in  a  heater  for  18-20  hr.  On  the  2nd  da' 
the  dishes  are  examined  with  the  naked  eye  or  a  magnifying  glass.  Sus¬ 
pected  colonies,  transparent  or  cloudy,  are  cultured  on  a  short  com¬ 
pound  series  (see  above)  or  Ressel's  medium.  They  can  also  be  cultured 
i.i.  agar  slants,  Peshkov's  medium,  or  broth;  pieces  of  indicator  paper 

l 

h v'  inserted  between  the  wall  of  the  last  test-tube  and  the  sample,  to 
permit  detection  of  lndol  or  hydrogen  sulfide  formation. 

If  no  suspected  colonies  of  pathogenic  bacteria  are  detected  on  t  . 
dishes  material  Is  transferred  from  the  concentration  medium  to  dlshe: 
containing  differential  media  and  all  the  cultures  are  placed  in  a  he  i 
er  overnight. 

The  results  of  this  culturing  are  examined  on  the  3rd  day.  Cultui\  . 
which  ferment  lactose  and  sucrose  are  discarded  and,  if  there  are  no 
suspected  cultures  on  the  concentration  medium,  a  negative  report  is 
made. 

Cultures  which  do  not  alter  media  containing  lactose  and  urea  are 
subjected  to  further  study.  Preparations  are  made  and  stained  by  Gram'- 
method  and  their  lability  is  determined.  Labile  gram-negative  bacilli 
which  do  not  decompose  lactose  and  ferment  glucose  to  produce  an  acid 
may  be  suspected  of  being  typhoid  cultures,  while  nonlabile  colonies 
may  be  suspected  of  being  dysentery  bacteria.  In  the  first  case  a  rough 
agglutination  reaction  is  set  up  on  slides  with  typhoid  serum;  If  a 
positive  reaction  is  obtained  the  antigenic  structure  of  the  bacterium 
Is  determined  with  monoreceptor  0,  H,  and  VI  sera.  A  preliminary  posl- 


tive  report  is  made  if  this  reaction  is  sharply  positive  for  all  three 
sera.  Por  investigation  of  nonlabile  cultures  see  page  370. 

Cultures  which  ferment  glucose  to  form  an  acid  and  gas  may  be  sus¬ 
pected  of  being  paratyphoid  bacteria  (see  page  339). 

A  detailed  study  of  the  culture  isolated  is  made  by  culturing  on  an 
expanded  compound  series  (see  Table  24)  and  by  setting  up  a  serial  ag¬ 
glutination  reaction  with  washings  from  a  culture  raised  on  Ressel's  me¬ 
dium  or  an  agar  slant.  The  serum  is  diluted  with  sterile  physiological 
solution,  beginning  at  1:100  and  continuing  to  the  serum  titre.  A  drop 
of  culture  is  added  to  each  test-tube  and  placed  in  a  heater  for  2  hr; 
the  tubes  are  then  permitted  to  stand  at  room  temperature  until  the 
following  day. 

The  enzymatic  properties  of  the  culture  are  studied  on  the  4th  day. 
A  negative  report  is  made  if  the  culture  ferments  sucrose  and  produces 
indol.  The  results  of  the  serial  agglutination  reaction  are  noted,  the 
biochemical  activity  of  the  bacteria  is  evaluated,  the  species  to  which 
tney  belong  is  determined,  and  the  final  report  is  made. 

Tests  involving  concentration  media  are  made  If  the  direct  cultures 
yield  a  negative  result. 

Bacteriological  examination  of  urine.  Urine  cultures  are  made  for 
diagnostic  purposes  from  the  first  day  of  illness  until  the  patient  is 
discharged  from  the  hospital;  they  are  also  made  to  detect  bacteria  car¬ 
riers  among  healthy  individuals.  Before  taking  material  the  orifice  of 
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the  urethra  is  washed  with  sterile  physiological  solution  (the  first 
portion  of  urine  being  discarded)  and  10-20  ml  of  urine  is  collected  in 
a  sterile  test-tube  or  bath. 

The  urine  to  be  cultured  is  centrifuged  and  the  residue  is  drawn 
off  with  a  Pasteur  pipette  and  used  to  inoculate  the  concentration  me¬ 
dium. At  the  same  time  2  or  3  drops  are  cultured  on  Petri  dishes  con- 
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taining  a  differential  medium.  The  cultures  are  placed  in  a  heater 
overnight.  The  subsequent  analysis  is  conducted  in  the  same  manner  as 
for  fecal  matter. 

Bacteriological  examination  of  roseolar  material.  In  order  to  ob- 
'ain  roseolar  contents  an  area  of  the  skin  bearing  pronounced  roseolae 
is  treated  with  alcohol,  rinsed  with  physiological  solution,  and  wiped 
with  gauze  and  the  roseolae  are  scarified.  A  total  of  1  or  2  drops  of 
bile  broth  is  applied  to  the  scarification  site  and  the  material  to  be 
examined  is  collected  with  a  Pasteur  pipette  and  cultured  in  a  flask 
containing  bile  broth.  The  culture  is  incubated  in  a  heater  at  37°  for 
18-20  hr.  Subsequent  examination  is  carried  out  in  the  same  manner  as 
for  Hood  cultures. 

Bacteriological  examination  of  cerebrospinal  fluid.  Typhoid  fever 
is  occasionally  accompanied  by  a  meningoencephalitlc  syndrome.  Lumbar 
puncture  is  carried  out  in  such  cases  for  diagnostic  purposes.  If  bac- 
terioscopy  reveals  gram-negative  bacilli  in  the  cerebrospinal  fluid  it 
is  cultured  in  a  concentration  medium.  Subsequent  bacteriological  exam¬ 
ination  is  conducted  in  the  same  manner  as  for  blood  cultures. 

Bacteriological  examination  of  pus.  Typhoid  fever  is  sometimes 
complicated  by  suppurative  processes  such  as  ot it is,  phlegmon,  lymphangl- 
oltls,  etc.  In  such  cases  typhoid  or  paratyphoid  bacteria  may  be  detec¬ 
ted  in  cultures  from  the  suppurative  foci.  Pus  to  be  examined  is  collect¬ 
ed  in  sterile  test-tubes  and  sent  to  the  laboratory.  The  pus  is  cultured 
on  2  Petri  dishes  containing  Ploskirev's  medium  and  blood  agar;  a  paral¬ 
lel  culture  is  made  in  a  concentration  medium.  Subsequent  examination 
is  conducted  in  the  same  manner  as  for  feces. 

Bacteriological  examination  cf  sputum.  Pulmonary  complications  of 
typhoid  fever  may  take  the  form  of  specific  typhoid  pneumonia,  which 
develops  at  the  height  of  the  illness  (Yu.M.  Lazovskly  and  Ye.G.  Mel'- 
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nik,  1947). 


Sputum  Is  collected  In  sterile  Petri  dishes.  Suppurative  lumps  are 
collected  and  cultured  on  Petri  dishes  containing  Ploskirev's  medium 
and  blood  agar.  The  cultures  are  Incubated  In  a  heater  for  18-20  hr  and 
suspected  colonies  are  Isolated.  Further  Identification  of  the  culture 
Is  carried  out  In  the  same  manner  ^.s  for  feces. 

Bacteriological  examination  of  milk.  The  milk  of  female  patients 
can  be  examined  during  the  lactation  period.  It  is  collected  in  a  ster¬ 
ile  vessel;  the  nipple  and  the  surrounding  skin  must  first  be  treated 
with  alcohol  and  then  washed  with  sterile  physiological  solution.  The 
milk  Is  cultured  In  a  concentration  medium  and  then  on  differential  me¬ 
dia.  Subsequent  examination  is  conducted  in  the  same  manner  as  for  fe¬ 
ces. 

Bacteriological  examination  of  sectioned  material.  The  following 
types  of  material  can  be  examined:  blood  from  the  heart,  bile,  fragments 
of  the  liver,  spleen,  lungs,  kidneys,  and  brain.  Intestinal  lymph  nodes, 
the  contents  of  the  large  and  small  Intestines,  tissues,  etc.  Material 
Is  taken  from  a  cadaver  on  a  dissecting  table,  observing  all  the  rules 
of  asepsis.  Blood  from  the  heart  and  the  contents  of  the  gall  bladder 
are  taken  in  quantities  of  3-5  ml  with  a  Pasteur  pipette.  The  site  at 
which  the  Pasteur  pipette  is  to  be  inserted  is  first  cauterized  with  a 
red-hot  spatula.  The  material  is  cultured  in  a  concentration  medium. 

Fragments  are  cut  from  organs  with  sterile  scissors  and  placed  in 
sterile  Petri  dishes  or  Jars  for  shipment  to  the  laboratory. 

In  culturing  sectioned  material  the  surface  layers  of  the  organ 
fragments  are  cut  away  with  a  sterile  scalpel  and  the  inner  portions 
are  placed  in  sterile  mortars  and  crushed;  cultures  are  then  made  in 
concentration  media  and  in  Petri  dishes  containing  Ploskirev's  medium 
and  blood  agar. 
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The  cultures  are  Incubated  In  a  heater  at  37*  for  18-20  hr  and 
subsequent  examination  Is  conducted  In  the  same  manner  as  for  feces. 

In  making  a  bacteriological  examination  of  material  from  a  cadaver 
the  time  elapsed  since  the  patient’s  death  must  be  taken  into  account. 
Cultures  should  not  be  made  more  than  2  hr  after  death,  since  bacteria 
from  the  Intestinal  tract  may  otherwise  Invade  the  cadaver's  organs  and 
tissues . 

Serological  Investigation 

Serological  research  methods  are  among  the  auxiliary  techniques 
laboratory  diagnosis.  They  can  be  used  to  determine  the  presence  of 
Do’h  antibodies  and  antigens. 

In  typhoid-paratyphoid  diseases  diagnostic  antibody  titres  appear 
toward  the  end  of  the  first  and  the  beginning  of  the  second  week  of 
illness. 

In  order  to  obtain  serum  a  blood  sample  of  0.5-1  ml  is  taken  from 
a  finger  and  collected  in  a  sterile  test-tube,  which  is  then  placed  In 
a  heater  to  permit  clotting;  the  sample  Is  then  centrifuged,  removed  to 
a  second  test-tube  with  a  Pasteur  pipette,  and  used  for  the  desired  re¬ 
action. 

Widal's  agglutination  reaction.  Because  of  Its  simplicity,  the 
Widal  method  Is  widely  used  In  the  laboratory. 

The  Widal  reaction  requires:  1)  the  patient's  serum;  2)  a  set  of 
diagnostic  sera;  3)  physiological  solution  (0.85^  NaCl). 

The  reaction  Is  set  up  with  four  antigens  -  typhoid  0  and  OH  and 
paratyphoid  A  and  B.  Each  row  of  the  rack  holds  4  or  5  test-tubes.  The 
number  of  rows  corresponds  to  the  number  of  antigens. 

In  view  of  the  fact  that  a  group  agglutination  reaction  Is  often 
obtained  In  typhoid  as  a  result  of  the  similarity  of  the  antigenic 
structures  of  bacteria  of  the  Salmonella  group,  the  serum  must  be  takai 
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In  dilutions  of  the  order  of  1:100,  1:200,  1:400,  1:800,  etc. 

The  serum  dilutions  are  prepared  beforehand,  beginning  with  1:50. 
For  this  purpose  4.9  ml  of  physiological  solution  is  added  to  0.1  ml  of 
serum.  Portions  of  1  ml  of  physiological  solution  are  then  poured  into 
all  the  test-tubes.  A  total  of  1  ml  of  the  1:50  serum  solution  Is 
poured  into  the  first  test-tube,  thus  yielding  a  dilution  of  1:100.  The 
contents  of  the  tube  are  carefully  mixed  and  1  ml  of  the  first  dilution 
(1:100)  is  transferred  to  the  second  test-tube,  etc.  A  total  of  1  ml  is 
poured  off  from  the  fourth  test-tube.  We  thus  obtain  a  series  of  serum 
dilutions  ranging  from  1:100  to  1:800.  Portions  of  1  or  2  drops  of  the 
appropriate  diagnostic  serum  are  then  added  to  each  test-tube. 

After  the  diagnostic  serum  has  been  added  the  tubes  are  shaken  and 
placed  in  a  heater  at  37°.  After  being  incubated  in  the  heater  for  two 
hours  the  racks  containing  the  test-tubes  to  which  the  OH  diagnostic 
sera  was  added  are  removed  and  kept  at  room  temperature  overnight.  The 
racks  containing  the  tubes  to  which  the  0  diagnostic  sera  was  added  are 
left  in  the  heater  overnight  and  the  results  of  the  reaction  are  then 
noted.  If  the  reaction  Is  sharply  positive  in  the  last  dilution  it  is 
repeated  with  higher  dilutions  (from  1:800  to  1:12,800)  to  establish 
the  maximum  tit re.  Each  Widal  reaction  is  accompanied  by  serum  and  an¬ 
tigen  controls.  The  result  he  reaction  can  be  evaluated  with  the 
naked  eye  or  with  a  magnifying  glass  and  agglutinoscope. 

The  agglutination  reaction  is  regarded  as  positive  if  the  solution 
becomes  clear  and  a  dome -shaped  precipitate  is  formed  on  the  bottom  of 
the  tube.  The  test-tubes  containing  the  0  diagnostic  se^um  can  be  shaken 
fine-grained  agglutination  should  be  observed.  It  is  net  recommended 
that  the  tubes  containing  the  OH  diagnostic  serum  be  shaken,  since  the 
flaky  precipitate  is  rapidly  broken  up.  The  results  of  the  reaction 
are  evaluated  from  the  titre  (the  maximum  serum  dilution  at  which  ag- 
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glutination  is  observed).  The  intensity  of  the  reaction  is  graded  on  a 
four-plus  scale:  if  the  liquid  is  completely  clarified  and  there  is  a 
great  deal  of  precipitate  the  reaction  is  ++++.  If  the  liquid  is  slight¬ 
ly  cloudy  and  there  is  a  great  deal  of  residue  the  reaction  is  +++. 

When  the  liquid  is  still  more  cloudy  and  there  is  not  too  much  residue 
the  reaction  is  ++.  When  the  liquid  is  markedly  cloudy  and  agglutina¬ 
tion  is  weak  the  reaction  is  +.  Uniform  cloudiness  indicates  a  negative 
agglutination  reaction. 

The  Widal  reaction  is  regarded  as  positive  when  marked  agglutina¬ 
tion  occurs  at  serum  dilutions  of  1:200  or  more. 

The  Widal  reaction  may  be  positive  in  high  titres  (up  to  1:800)  in 
some  individuals  who  have  recovered  from  typhoid,  who  have  been  vac¬ 
cinated,  or  who  are  suffering  from  other  infectious  diseases  (tubercu¬ 
losis,  typhus,  etc.).  Sucn  reactions  may  reduce  the  validity  of  sero¬ 
logical  diagnosis.  However,  the  tltre  of  anamnestic  agglutinins  does 
not  Increase.  Setting  up  the  Widal  reaction  under  dynamic  conditions 
consequently  makes  it  possible  to  avoid  errors  in  diagnosing  the  diseaso- 
present.  It  is  recommended  that  the  serum  be  heated  at  56°  for  30  min 
to  eliminate  nonspecific  group  reactions.  More  highly  concentrated  so¬ 
dium  chloride  solutions  (2.9,  5*84,  and  11. 68$)  can  be  used  for  this 
purpose,  since  they  promote  an  intensification  of  the  specific  agglu¬ 
tination  reaction  (Fisher). 

According  to  the  instructions,  in  acute  febrile  conditions  the  Wi¬ 
dal  reaction  must  be  accompanied  by  a  parallel  reaction  with  Rickettsiae 
prowazekl,  in  order  to  exclude  typius;  the  Bailey -Felix  reaction  can  be 
used  when  the  rickettsial  reaction  cannot  be  set  up. 

0  and  H  monodiagnostic  sera  of  the  Salmonella  group  are  now  recom¬ 
mended  for  the  Widal  reaction.  Comparative  analysis  of  the  results  of 
the  Widal  reaction  with  ordinary  diagnostic  sera  ar.d  monodiagnostic  sera 
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has  shown  the  advantage  of  the  latter,  especially  0  monodiagnostic  sera. 

A  continuous  course  of  treatment  with  moderate  therapeutic  doses 
of  levomycetln  or  synthomycetln  causes  no  pronounced  decrease  in  the 
titres  of  the  Widal  reaction  (K.V.  Bunin). 

In  addition  to  the  Widal  agglutination  reaction,  in  which  the  re¬ 
sults  can  only  be  evaluated  after  18-20  hr  has  elapsed,  there  are  ac¬ 
celerated  diagnostic  methods  which  make  it  possible  to  determine  the 
results  of  the  reaction  within  15-20  min  (Noble’s  plate  method,  etc.). 
Concentrated  antigens  and  antibodies  and  mechanical  agitation  are  em¬ 
ployed  in  setting  up  accelerated  reactions.  The  accelerated  methods  are 
less  specific  than  the  classical  method  for  the  Widal  reaction  (see 
page  119). 

VI  agglutination  reaction.  The  reaction  with  Vi  diagnostic  serum 
is  now  widely  employed  as  a  serological  diagnostic  method. 

Before  the  agglutination  reaction  is  set  up  all  the  sera  to  be 
tested  are  heated  for  30  min  at  56°  in  order  to  destroy  group  agglutin¬ 
ins.  The  specific  Vi  agglutinins  survive  heating.  The  serum  to  be  heat¬ 
ed  is  taken  whole  or  in  a  dilution  of  1:10.  A  rough  Vi  agglutination 
reaction  is  first  set  up  on  slides  with  a  heated  serum  diluted  to  1:10. 

A  drop  of  dilute  serum  is  applied  to  a  slide  and  a  drop  of  Vi  diagnos¬ 
tic  serum  Is  added;  the  slide  is  placed  in  a  moist  chamber  at  room  tem¬ 
perature  for  10  min  and  the  results  are  evaluated.  A  parallel  serial 
agglutination  is  carried  out  in  test-tubes:  the  heated  serum  is  pre¬ 
pared  in  dilutions  from  1:10  to  1:320-1:640  etc.,  and  1  or  2  drops  of 
Vi  antigen  are  added  to  each  test-tube.  The  experiment  is  accompanied 
by  a  serum  control  in  a  dilution  of  1:10  and  an  antigen  control.  The 
test-tubes  are  shaken  and  incubated  in  a  heater  at  37°  for  2  hr  and 
then  at  room  temperature  for  18-20  hr.  The  reaction  is  fine-grained  in 
character.  The  results  of  the  reaction  are  evaluated  with  the  aid  of  an 
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agglutinoscope,  a  magnifying  glass,  or  a  microscope  mirror  (which  gives 
an  enlarged  reflected  Image). 

All  persons  who  yield  positive  Vi  agglutination  reactions  in  a  di¬ 
lution  of  1:20  are  subjected  to  repeated  bacteriological  examination; 
their  bile,  urine,  and  feces  must  undergo  bacteriological  investigation 
for  detection  of  bacterLa  carriers. 

It  should  be  kept  in  mind  that  diagnostic  titres  of  Vi  agglutinins, 
beginning  at  a  dilution  of  1:20,  may  also  be  encountered  in  persons 
vaccinated  against  typhoid. 

Vi  hemagglutination  reaction.  This  reaction  is  intended  to  detect 
V!  antibodies  in  the  serum  of  persons  who  are  suffering  from  or  have 
recovered  from  typhoid.  The  Vi  hemagglutination  reaction  is  based  on 
the  fact  that  sheep  and  rooster  erythrocytes  and,  still  better,  human 
erythrocytes  (type  0)  have  a  marked  capacity  for  surface  adsorption  of 
the  Vi  antigen  of  typhoid  bacteria  and  for  agglutination  of  serum  con¬ 
taining  Vi  antibodies. 

The  advantage  of  the  Vi  hemagglutination  method  over  bacterial  Vi 
agglutination  lies  in  the  fact  that  it  yields  no  nonspecific  reactions; 
this  is  due  to  the  fact  that  Vi  antigens  dissolve  easily  and  are  rapid¬ 
ly  adsorbed  on  erythrocytes  (Landy  et  al. ,  1953)*  The  high  sensitivity 
of  this  reaction  facilitates  early  detection  of  Vi  antibodies  in  ty¬ 
phoid  patients. 

The  following  ingredients  are  necessary  for  setting  up  the  hemag¬ 
glutination  reaction:  1)  purified  Vi  antigen  or  an  extract  of  an  ery¬ 
throcyte-sensitization  culture;  2)  erythrocytes;  3)  Vi  and  0  antisera; 

4)  the  sera  to  be  tested. 

The  Vi  antigen  used  for  treating  erythrocytes  is  a  purified  chemi¬ 
cal  preparation  of  Vi  antigen  made  up  from  a  culture  of  Ty2  at  the  Mos¬ 
cow  Scientific  Research  Institute  of  Epidemiology,  Microbiology,  and 
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Hygiene  by  Landy's  method.  It  has  standard  properties,  is  stable  when 
stored,  does  not  give  nonspecific  reactions,  and  has  a  standard  working 
dose. 

Vi  antigen  solution  does  not  lose  its  activity  when  stored  in 
sealed  ampules  for  extended  periods;  it  is  best  to  store  the  ampules  at 
+4-8*C. 

The  erythrocytes  are  washed  three  times  and  then  centrifuged  with 
10  volumes  of  physiological  solution  for  5  min  at  1500  rpm.  The  super¬ 
natant  is  poured  off  after  each  centrifuging  and  replaced  with  fresh 
physiological  solution.  The  washed  erythrocytes  can  be  stored  in  a  re¬ 
frigerator  for  2-3  days,  but  it  is  best  to  preserve  them  with  Olsver's 
solution  (2.05#  glucose,  0.42#  sodium  chloride,  and  O.55#  sodium  ci¬ 
trate).  Erythrocytes  can  be  kept  in  this  solution  for  3-4  weeks. 

Before  the  serum  under  investigation  is  titrated  in  the  Vi  nemag- 
glutinatlon  reaction  the  working  dose  of  Vi  extract  required  for  ery¬ 
throcyte  sensitization  is  determined;  for  this  purpose  1-2  parts  of 
washed  erythrocytes  are  added  to  9  parts  of  Vi  extract  in  dilutions  of 
from  1:8  to  1:1024.  The  mixture  is  held  at  37°  for  30  min.  The  erythro¬ 
cytes  are  then  washed  twice  with  physiological  solution  (they  are  cen¬ 
trifuged  for  3-5  min  at  a  low  centrifuge  speed  in  order  to  avoid  spon¬ 
taneous  agglutination). 

The  washed  erythrocytes  sensitized,  with  each  antigen  dilution  are 
made  up  into  0.5#  suspr.sions,  0.5  ml  portions  of  which  are  added  to 
the  Vi  and  0  antisera  diluted  to  1:25-1:50;  portions  of  0.2  ml  of  these 
mixtures  are  then  poured  into  agglutination  test-tubes  or  clear  plastic 
wells  of  '•‘he  type  customarily  used  in  virology.  The  results  are  eval¬ 
uated  on  a  four-plus  scale  aftr  the  reaction  has  been  permitted  to  pro¬ 
ceed  for  45-50  min  at  a  heater  temperature  of  37° •  The  extract  titre  is 
assumed  to  be  the  last  dilution  at  which  -h-t  agglutination  is  noted  in 
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the  complete  absence  of  hemagglutination  In  the  control.  The  optimum 
sensitizing  dose  of  VI  antigen  Is  also  established  by  this  preliminary 
tltre.  A  VI  antigen  solution  consisting  of  10  micrograms  of  antigen  per 
ml  Is  added  to  the  residue  of  thrice -washed  erythrocytes  In  a  dose  of 
2  ml  of  solution  per  0.1  ml  of  residue.  The  mixture  Is  Incubated  for 
2  hr  In  a  heater  at  37°,  being  agitated  every  30  min. 

A  O.556  suspension  in  physiological  solution  Is  then  prepared  from 
the  sensitized  erythrocytes,  from  which  the  excess  VI  antigen  has  been 
washed;  the  subsequent  procedure  13  the  same  as  in  working  with  the  ex- 
tt  -ct. 

In  setting  up  the  hemagglutination  reaction  with  the  serum  under 
Investigation  the  antigen  is  taken  in  four-fold  tltre;  for  example,  if 
the  last  antigen  dilution  which  yielded  positive  agglutination  to  +++ 
was  1:512,  the  working  dilution  Is  1:128.  This  working  dilution  Is  used 
for  sensitization  of  the  requisite  number  of  erythrocytes  (as  determined 
in  terms  of  serum  quantity)  for  the  reaction  with  the  serum  under  in¬ 
vestigation,  using  the  method  described  above. 

The  serum  to  be  studied  is  made  up  In  increasing  double  dilutions 
from  1:4  to  1:320.  It  Is  inactivated  for  30  min  at  560  before  being  di¬ 
luted.  Portions  of  0.2  ml  of  each  of  the  serum  dilutions  are  poured  in¬ 
to  wells  Into  plexiglass  plates  or  into  agglutination  test-tubes.  Then 
0.5  mg  of  O.556  suspension  of  erythrocytes  sensitized  with  the  antigen 
working  dose  is  added  to  each  serum  dilution. 

The  results  are  evaluated  after  2  hr  In  a  heater  and  again  after 
24  hr  at  room  temperature. 

The  following  controls  are  set  up  for  the  specific  reaction  with 
the  VI  extract  or  VI  antigen:  l)  hemagglutination  with  known  Vi  or  0 
antisera  in  dilutions  of  from  1:4  to  1:320-1:620;  the  Vi  antiserum 
should  yield  marked  hemagglutination,  while  the  reaction  with  the  0  an- 

-  311  - 


tiserum  should  be  negative;  2)  a  0.5#  suspension  of  unsensitized  ery¬ 
throcytes  reacted  with  the  least  serum  dilution;  this  reaction  should 
be  negative. 

A  suspension  of  sensitized  erythrocytes  in  physiological  solution 
is  used  as  a  control  for  the  absence  of  spontaneous  erythrocyte  agglu¬ 
tination. 

A  positive  hemagglutination  reaction  is  characterized  by  the  ap¬ 
pearance  of  a  red  disk  with  serrated  edges  on  the  bottom  of  the  test- 
tube.  When  the  reaction  is  sharply  positive  (++++)  the  erythrocytes  un¬ 
iformly  cover  the  entire  bottom  of  the  test-tube  or  the  well,  the  re¬ 
maining  liquid  being  completely  clear;  flakes  form  when  the  tube  is 
tilted. 

When  the  reaction  is  negative  and  in  the  control  the  accumulation 
of  erythrocytes  on  the  bottom  of  the  tube  or  well  takes  the  form  of  a 
disk  with  smooth  edges  and  a  smooth  surface;  a  uniform  cloudiness  is 
produced  by  tilting  the  tube. 

Yu.M.  Mikhaylova’s  modification  of  the  indirect  hemagglutination 
reaction  for  determination  of  antibodies  in  Salmonella  infections.  A 
total  of  0.9  ml  of  antigen  extract  is  added  to  0.1  ml  of  thrice-washed 
rooster  erythrocytes  or  group  I  human  blood;  the  mixture  is  shaken  and 
placed  in  a  heater  for  1  hr,  the  antigen  is  poured  off,  and  the  erythro¬ 
cytes  are  washed  once  with  physiological  solution.  After  the  superna¬ 
tant  has  been  removed  a  1#  suspension  of  the  erythrocytes  is  prepared 
in  physiological  solution.  The  patient's  serum  is  diluted  in  geometric 
progression,  beginning  with  a  dilation  of  1:10,  and  0.25  ml  portions  are 
poured  into  agglutinative  test-tubes,  to  which  0.25  ml  of  the  1#  ery¬ 
throcyte  solution  is  added:  the  mixture  is  shaken  and  left  to  stand  a: 
room  temperature  for  45  min.  The  results  of  the  reaction  are  then  eval¬ 
uated. 
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Antigen  extracts  prepared  by  the  following  methods  can  be  used:  l) 
acid  hydrolyzate:  a  washed  bacterial  suspension  is  treated  with  0.4  N 
acetic  acid  and  then  boiled  for  2  hr;  2)  alkaline  hydrolyzate;  a  washed 
bacterial  suspension  is  treated  with  IN  alkali  and  then  heated  at  60° 
for  1  hr. 

A  simpler  method  of  preparing  the  antigen  extract  involves  auto¬ 
claving  of  a  70-blllion-cell  microbial  suspension  at  1  atm  for  20  min; 
the  suspension  is  then  centrifuged  and  the  supernatant  is  used  to  set 
up  the  reaction.  The  antigen  working  dose  is  preliminarily  titrated 
with  standard  rabbit  serum.  The  experiment  is  accompanied  by  normal 
c;ythrocyte,  immune  and  normal  serum,  and  antigen  controls. 

Antigen -tit rat ion  scheme.  In  order  to  determine  the  antigen  work¬ 
ing  dose  it  must  be  titrated  with  standard  immune  rabbit  serum.  Whole 
antigen  Is  used  for  this  purpose,  the  dilutions  starting  at  1:40.  Ery¬ 
throcytes  are  then  sensitized  with  the  antigens  (whole  and  dilute)  and 
the  remainder  of  the  experiment  is  carried  out  by  the  method  described 
above.  That  dose  at  which  the  indirect  hemagglutination  reaction  occurs 
in  highest  tltre  is  regarded  as  the  working  dose. 

Complement -fixation  reaction.  The  complement -fixation  reaction  has 
been  used  as  a  supplemental  diagnostic  method  for  typhoid  and  paraty¬ 
phoid  by  many  researchers  (see  page  154  for  a  description  of  the  method). 

Precipitation  reaction.  The  annular  precipitation  reaction  is  a 
simple,  rapid  serological  diagnostic  method  and  requires  no  special 
equipment.  Whole  antigen  from  typhoid-paratyphoid  bacteria  is  used 
(see  page  126  for  the  method). 

Opinion  differs  on  the  advantages  of  the  precipitation  reaction 
over  the  agglutination  reaction  with  respect  to  both  sensitivity  and 
specificity  and  It  has  consequently  not  come  into  wide  use  in  the  lab¬ 
oratory  diagnosis  of  typhoid-paratyphoid  diseases. 


-  313  - 


Accelerated  bacteriological  examination  methods 

Blinkin's  accelerated  method  for  bacteriological  examination  of 
blood.  Sucrose  agar  containing  1 #  glucose  Is  slanted  on  one  side  of  a 
flat  200  ml  flask  and  agar  containing  1#  lactose  Is  slanted  on  the  op¬ 
posite  side;  the  pH  of  the  medium  is  adjusted  to  J.6  during  preparation. 
Andrade's  indicator  is  added  to  the  sugar  media.  For  culturing  50#  bile 
broth  or  50#  bile  water  is  added  to  the  flask.  No  less  than  10  ml  of 
the  patient's  blood  is  added  to  the  bile  and  the  mixture  is  then  placed 
in  a  heater  for  12  hr.  After  removal  from  the  heater  the  flask  is  tilt¬ 
ed  first  to  one  side  and  then  to  the  other,  wetting  the  surface  of  the 
glucose-  and  lactose-containing  agar  with  the  bile-blood  mixture.  The 
results  are  evaluated  after  one  day.  If  no  bacterial  growth  is  present 
the  surface  of  the  sugar  media  is  again  wetted  and  the  flask  is  placed 
in  a  heater  for  an  additional  12  hr. 

The  luminescence -microscopy  method  with  luminescent  sera  is  also 
an  accelerated  method  (see  page  74  ). 

Nutritive  Media 

Bile  broth.  A  total  of  200  ml  of  native  bile  (pH  7.6)  is  added  to 
800  ml  of  meat-infusion  broth.  The  mixture  Is  poured  into  flasks  and 
sterilized  in  an  autoclave  at  112°  for  20  min. 

Rapoport  and  Vayntrub's  medium.  A  total  of  100  ml  of  bile,  20  g  _f 
glucose  or  mannose,  and  sufficient  acid  fuchsin  to  produce  a  clear  red¬ 
dish  color  are  added  to  1  liter  meat -infusion  broth;  portions  of  50-100 
ml  are  poured  into  flasks  with  floats.  Tubes  with  a  transverse  diameter 
of  0.8-0. 9  cm  and  a  length  sufficient  that  approximately  5-10  cm  pro¬ 
trudes  above  the  surface  of  the  liquid  after  culturing  are  inserted  in¬ 
to  flasks  or,  still  better,  dishes  containing  50  ml  of  this  medium;  the 
dishes  are  then  sterilized  at  112°  for  20  min. 

N.N.  Klodnltskiy 's  starvation  medium.  Portions  of  75-100  ml  of  tap 
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water  are  poured  Into  100  ml  flasks  and  sterilized. 

Q.P.  Kalin's  citrate  medium.  This  medium  Is  prepared  by  mixing 
2  g  of  peptone,  0.5  g  of  sodium  chloride,  2  g  of  glucose,  4  g  of  sodium 
citrate,  10  ml. of  Sorensen's  buffer  solution,  and  sufficient  distilled 
water  to  make  100  mlj  5  ml  are  poured  Into  test-tubes  and  sterilized 
at  120°  for  15  min.  Blood  Is  cultured  directly  In  this  medium  at  the 
patient's  bedside,  adding  5  ml  to  the  test-tube. 

Bllnkln's  medium  for  detection  of  hemocultures.  Agar  containing 
1%  glucose  is  slanted  on  one  wall  of  small  matrices  (plane -parallel 
r' asks)  with  a  capacity  of  200  ml  and  agar  containing  1 %  lactose  is 
. lanted  on  the  opposite  side;  the  agar  is  adjusted  to  pH  7*6  during 
preparation.  Portions  of  12-15  ml  of  the  glucose -containing  agar  are 
poured  into  clean  flasks.  Equal  quantities  of  the  lactose-containing 
medium  are  poured  into  separate  test-tubes.  After  the  medium  in  the 
flasks  has  been  sterilized  it  is  slanted  and  permitted  to  cool;  the 
lactose-containing  agar  is  then  poured  down  the  opposite  side.  After 
the  agar  in  the  flasks  has  solidified  50  ml  of  sterile  bile  broth  is 
added.  Andrade's  Indicator  (2.5  g  of  acid  fuchsin  dissolved  in  16  ml 
of  one-normal  sodium  hydroxide)  is  added  to  the  sugar  media.  After  the 
indicator  has  dissolved  sufficient  distilled  water  to  make  100  ml  is 
added  and  the  mixture  is  filtered  through  cotton.  The  indicator  solu¬ 
tion  is  kept  in  a  brown-glass  bottle.  A  total  of  3  ml  of  the  indicator 
is  added  to  1  liter  of  the  agar  medium. 

Muller's  medium.  Portions  of  5  g  of  chemically  pure  chalk  are 
weighed  out  into  sterile  200  gram  flasks  and  sterilized  with  drv  heat. 

A  total  of  90  ml  of  any  nutritive  broth  at  pH  7- 0-7-1  is  added  to  each 
flask;  the  mixture  is  sterilized  at  120°  for  30  min.  The  pH  of  the  fin¬ 
ished  medium  is  7-6-7.0. 

Before  culturing  10  ml  of  50£  sodium  hyposulfite  (NagSgO^)  and  2 
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ml  of  Lugol's  reagent  are  added  to  each  flask  and  agitated  to  permit 
formation  of  sodium  tetrathlonite,  the  principal  active  component  of 
Muller's  medium. 

Lugol's  reagent.  A  total  of  20  g  of  iodine  and  25  g  of  potassium 
lodate  are  added  to  100  ml  of  distilled  water  and  the  mixture  is  stored 
in  a  brown-glass  bottle  to  protect  it  from  light. 

Sodium  hyposulflte  solution.  Portions  of  50  g  of  chemically  pure 
sodium  hyposulflte  (NagSgO^)  are  weighed  out  and  sufficient  distilled 
water  is  added  to  make  a  volume  of  100  ml ;  the  mixture  is  then  trans¬ 
ferred  to  a  flask  and  dissolved  over  heat,  filtered  through  filter  pa¬ 
per,  poured  into  bottles,  and  sterilized  in  running  steam  for  30  min. 

Kaufman's  medium.  This  medium  is  Muller's  medium  to  which  is  added 
a)  0.1#  brilliant  green  (1  ml  per  100  ml  of  Muller's  medium)  in  a  quan¬ 
tity  such  that  the  final  dye  concentration  is  1:100,000;  b)  5#  sterile 
bovine  bile,  5  ml  of  bile  per  100  ml  of  medium.  To  make  up  the  brilli¬ 
ant  green  solution  a  basic  1 #  aqueous  solution  of  the  dye  is  prepared 

% 

(by  adding  1  g  of  brilliant  green  to  100  ml  of  distilled  water)  and 
left  to  stand  for  2h  hr  in  a  heater;  it  is  then  filtered  through  filter 
paper  and  the  working  dilution  of  1:1000  is  prepared  from  this  basic 
solution. 

Shustova's  medium.  A:  2%  meat -infusion  agar  (pH  7.4);  B:  50#  hy- 
posulfite  solution;  C:  Lugol's  reagent  (25  g  of  iodine,  20  g  of  potas¬ 
sium  iodide,  and  100  ml  of  distilled  water). 

k  total  of  10  ml  of  solution  B  and  2  ml  of  solution  C  are  added 
to  100  ml  of  the  agar  (A),  which  is  first  melted  and  cooled  to  50°;  the 
mixture  is  shaken  and  poured  into  Petri  dishes  or  slanted  in  wide  test- 
tubes. 

Stern's  glycerlne-fuchsln  broth.  A  total  of  5  or  6  drops  of  fil¬ 
tered  saturated  alcoholic  basic  fuchsin,  2  ml  of  a  freshly  prepared  10# 

-  316  - 


aqueous  solution  of  nonefflorescent  sodium  sulfite,  and  1  ml  of  glycer¬ 
ine  are  added  to  160  ml  of  meat -Infusion  broth.  The  mixture  Is  poured 
into  flasks  and  sterilized  at  100°  for  10-15  min.  The  cold  medium 
should  have  a  greenish-yellow  color.  It  must  be  stored  in  a  dark  place. 

Bitter's  rhamnose -containing  medium. 

1.  This  medium  contains  0.5  g  of  dibasic  sodium  phosphate,  1  g  of 
ammonium  sulfate,  2  g  of  trlbaslc  sodium  citrate,  0.5  g  of  sodium  chlor¬ 
ide,  0.05  g  of  peptone,  5  g  of  rhamnose,  and  1000  ml  of  distilled  water. 
The  solution  is  boiled,  filtered,  poured  into  flasks,  and  sterilized 
fractionally. 

2.  A  total  of  2-3  drops  of  0.5 #  alcoholic  methyl  red  is  added  to 
a  26-20  hr  culture  grown  on  this  medium.  A  yellow  color  indicates  a 
negative  reaction  and  a  red  color  a  positive  reaction.  S.  typhi  murium 
(Breslau)  gives  a  red  hue,  S.  paratyphi  B  a  yellow  color  in  the  major¬ 
ity  of  cases,  and  S.  enteritidis  (OSrtner)  and  S.  suipestlfer  an  orange 
or  yellow  hue. 

Colored  media  containing  various  carbohydrates.  These  media  are 
based  on  ordinary  peptone  water  (although  Hottinger's  broth  can  also 
be  used,  in  which  case  the  basic  solution  must  be  diluted  by  a  factor 
of  10),  which  is  filtered  and  sterilized  by  autoclaving  at  120#  for  20 
min.  A  total  of  0-5-1  g  of  the  appropriate  carbohydrate  and  1  ml  of  An¬ 
drade's  indicator  (or  any  other  Indicator)  are  then  added  to  100  ml  of 
the  peptone  water;  10  N  sodium  hydroxide  is  added  to  bring  the  pH  to 
7. 2-7. 4  and  the  mixture  is  poured  into  test-tubes  with  floats  (for  glu¬ 
cose,  lactose,  and  mannose)  or  flasks  (for  storage)  and  sterilized  in 
flowing  steam  for  20-25  min  on  3  consecutive  days  or  in  an  autoclave 
under  pressure  at  112®  for  15  min. 

It  is  possible  to  avoid  the  use  of  floats  by  making  up  Hiss'  me¬ 
dium  from  semiliquid  agar.  For  this  purpose  0.3-0. 5#  agar  is  added  to 
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the  peptone  water  before  sterilization,  the  mixture  is  boiled  and  ster¬ 
ilized  as  Indicated  above,  and  the  carbohydrate  and  indicator  are  then  i 

4 

added.  The  final  medium  is  sterilized  in  the  same  manner  as  any  liquid 
medium.  This  semiliquid  medium  retains1  gas  bubbles,  which  are  especial¬ 
ly  obvious  during  the  first  few  days,  when  the  gas  has  still  not  es¬ 
caped  into  the  atmosphere. 

Christensen's  citrate  medium  (to  replace  Mol eke 's  litmus).  This 
medium  consists  of  3  S  of  sodium  citrate,  0.2  g  of  glucose,  0.5  g  of 
yeast  extract,  0.1  g  of  cysteine  hydrochloride,  1  g  of  monosubstltuted 
P  tassium  phosphate,  5  g  of  sodium  chloride,  0.012  g  of  phenol  red,  15g 
<  i  agar,  and  1000  ml  of  distilled  water.  Its  pH  is  not  adjusted.  It  is 
sterilized  for  15  min  at  1  atm. 

Preparation  of  medium.  All  the  salts  are  first  dissolved  in  small 
quantities  of  water  and  then  mixed  with  the  agar  and  left  to  stand  un¬ 
til  the  latter  has  swollen.  The  resultant  suspension  is  boiled  until  the 
agar  dissolves,  filtered,  and  mixed  with  0.4#  phenol  red  (3  ml  per  liter 
of  medium). 

Preparation  of  yeast  extract.  A  total  of  500  g  of  baker's  yeast  is 
dissolved  in  1  liter  of  water,  boiled  for  1  hr,  and  then  filtered 
through  filter  paper.  The  extract  is  sterilized  for  30  min  under  a 
pressure  of  0.5  atm.  It  is  then  added  to  the  medium  (20  ml  per  liter 
of  medium). 

Medium  for  observation  of  formation  of  mucoid  spindle.  A  total  of 
3.5#  of  agar,  1#  of  peptone,  and  1#  of  litmus  are  added  to  100  ml  of 
distilled  water  and  the  mixture  is  sterilized  at  120°  for  20  min;  spin¬ 
dle  formation  is  observed  after  18  hr  of  incubation  at  37°  or  after  3 
days  at  room  temperature  . 

Medium  for  observation  of  creep.  A  20#  meat-infusion  gelatin  is 
made  up  and  poured  into  test-tubes;  the  tubes  are  sterilized  in  a  flow- 
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ing -steam  apparatus  for  15  min  on  3  consecutive  day?  and  slanted  during 
cooling. 

Phage  Typing  of  Typhoid  Bacteria 

M.D.  Krylova,  Candidate  of  Medical  Sciences 

This  method  is  based  on  the  fact  that  cultures  react  differently 
to  Vi  phage  of  serotype  II. 

The  Vi-II  phage  was  Isolated  from  a  lyzogenic  culture  of  Salm. 
typhi  and  has  the  ability  to  adapt  easily  to  resistant  individuals, 
losing  its  activity  with  respect  to  the  original  strain.  Cregy  and  Yen 
obtained  all  their  preparations  of  type  phages  by  adaptation.  They  also 
used  nonadapted  Vi  typhoid  phage  of  serotypes  I,  III,  IV,  V,  VI,  and 
VII,  as  well  as  a  nun-ber  of  0  and  Vi  phages  for  additional  subdivision 
of  types  A,  El,  etc. 

This  classification  system  has  now  b~en  perfected  and  standardized. 
The  standardization  is  based  on  the  type  jhages  distributed  by  the  In¬ 
ternational  Typing  Center  in  London.  The  typing  technique  has  also  been 
standardized. 

The  list  of  Vi  type  phages  and  strains  is  growing  continuously. 
According  to  the  latest  reports,  there  are  now  72  such  strains.  The 
phages  and  strains  are  designated  .;y  Reman  letters  and  numerals.  Type 
phages  are  used  in  critical  test  dilutions  (CTD)j  this  dilution  is  as¬ 
sumed  to  be  the  maximum  tenfold  phage  dilution  which  produces  continu¬ 
ous  lysis  of  the  homologous  strain  on  a  solid  medium.  The  homologous 
strain  is  that  culture  in  which  a  given  phage  reproduces;  strains  of 
other  types  are  referred  to  as  heterologous.  The  necessity  of  diluting 
the  phage  results  from  the  fact  that  concentrated  phage  may  nonspeci- 
fically  (without  reproduction)  lyze  heterologous  phagotypes  on  a  solid 
medium.  The  technique  has  been  standardized  by  the  International  Asso¬ 
ciation  of  Microbiologists. 
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Table  18a  shows  the  activity  of  type  phages  in  their  critical  test 
dilutions  with  respect  to  homologous  and  heterologous  strains  (data  ob¬ 
tained  by  the  International  Center  for  phagotyping  of  coliform  bacteria 
during  October-Ncvember  i960). 

The  scheme  shown  Is  standard.  All  the  phages  are  serologically 
identical  and  are  variants  of  Vi-II  phage  type  A.  The  differentiation 
of  groups  B,  C,  D,  E,  F,  etc..  Into  subtypes  Is  based  on  the  fact  that 
strains  bearing  the  number  1  (El,  Dl,  Cl,  etc.)  are  clearly  dissolved 
(by  continuous  lysis)  by  the  homologous  phage  and  phages  of  all  other 
./types  of  the  group  In  question.  Strains  of  the  remaining  subtypes 
a  ,-e  usually  dissolved  only  by  homologous  phages. 

Up  to  80-100^  of  typhoid  cultures  have  now  been  typed  with  stand¬ 
ard  phages  in  the  majority  of  countries.  Cultures  whose  types  cannot  be 
determined  can  be  divided  into  3  groups. 

The  first  group  comprises  strains  which  lack  the  Vi  antigen  (are 
not  lyzed  by  Vi  phages  and  are  not  agglutinated  by  Vi  serum).  They  are 
designated  as  the  W  form. 

The  second  group  comprises  cultures  having  the  VI  antigen  which 
are  resistant  to  all  the  preparations  of  Vi-II  phage  employed.  They 
are  referred  to  as  untypable  VI  strains,  imperfect  forms,  or  group  Vi- 
I-V1-IV,  since  they  are  sensitive  to  phages  of  serotypes  I  and  IV. 

There  may  be  new,  as  yet  unknown  phagotypes  among  the  untyped  cultures. 

The  third  group  comprises  polylyzable  or  degraded  Vi  strains,  which 
are  dissolved  by  several  type  phages.  Prolonged  storage  often  converts 
these  strains  to  type  A  and  they  can  be  lyzed  by  all  type  phages. 

For  successful  typing  of  polylyzable  cultures  it  Is  best  to  send 
strains  isolated  from  no  less  than  10-12  colonies  to  the  laboratory, 
since  some  of  them  may  retain  the  traits  of  the  Initial  phagotype. 

Individual  types  (A,  Cl,  El)  are  quite  often  encountered  only  with- 


TABLE  19 

Subdivision  of  Phagotype  A  According  to  Nicol,  Dl- 
vemo,  and  Bro  (1958) 
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Note:  si  Indicates  continuous  lysis,  +  Indicates  a 
nonuniform  reaction,  and  -  Indicates  no  reaction. 

a)  Strains;  b)  phages;  c)  Vi  phage;  d)  Cregy's  Vi- 
IV  phage;  e)  group. 


In  a  single  country.  Some  of  these  phagotypes  can  be  subdivided  in 
accordance  with  biochemical  characteristics  (reaction  with  xylose,  ara- 
binose,  sodium  citrate,  and  sodium  and  potassium  d-tartrates ) . 

Phagotypes  can  often  be  differentiated  with  bacteriophages.  There 
are  two  proposed  schemes  for  additional  subdivision  of  type  A.  Deranlo 
and  Martin  divide  type  A  into  three  subtypes  -  common,  ki ,  and  A<t>.  The 
strains  of  each  group  react  differently  to  unadapted  Cregy  Vi  phages  of 
types  I,  III,  and  IV  and  Deranlo  and  Martin  Vi  phages  of  types  V  and  VI. 
The  common  type  A  reacts  with  all  5  phages,  subtype  Af  reacts  only  with 
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phages  of  serotypes  I,  IV,  and  V,  and  subtype  k<$>  reacts  only  with  pha¬ 
ges  of  serotypes  III,  IV,  and  VI. 

TABLE  20 

Nlcol  and  Diverno's  Scheme 


a)  Subtype;  b)  bacteriophage. 


A  second  scheme  for  the  additional  subdivision  of  type  A  has  been 
proposed  by  Nlcol,  Pavlato,  Dlverno,  and  Bro.  Using  eight  phages,  these 
authors  subdivided  the  phagotype  in  question  Into  9  subtypes,  which 
they  named  after  the  areas  where  they  were  isolated  (Table  19). 

It  may  be  seen  from  Table  19  that  the  subtypes  are  divided  into 
4  groups,  in  accordance  with  their  reactions  with  phages,  1,  2,  3,  and 
5-  There  is  a  group  phage  for  each  of  these  categories.  Thus,  phage  1 
is  specific  for  group  I  (the  Coquilhatville  and  Monreal  subtypes), 
phage  2  is  specific  for  group  II  (the  Tananarive,  Douala,  Chamblee,  and 
Welshpool  subtypes),  phage  3  is  specific  for  group  III  (the  Oswestry 
and  Leopoldville  subtypes),  and  phage  5  is  specific  for  group  IV,  which 
includes  only  one  subtype,  Maracaibo.  The  subtypes  within  the  groups 
differ  in  their  reactions  with  7  "indicator"  phages. 

Phagotype  El  can  be  divided  into  2  subtypes,  Ela  and  Elb,  which 
are  stable  for  all  practical  purposes.  Brandis  set  up  this  classifica¬ 
tion  with  the  aid  of  a  phage  designated  as  Vi-VII  (originally  1  Ar), 
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which  differs  serologically  from  all  other  known  Vi  phages.  The  Vi -VII 
phage  was  isolated  from  sewage.  In  its  critical  test  dilution  it  dis¬ 
solves  only  some  of  the  strains  of  phagotype  El  (subtype  Ela),  failing 
to  react  with  the  remainder  (subtype  Elb).  Vi  phages  of  serotypes  I  and 
IV  also  lyze  only  subtype  Ela,  while  El  and  E2  phages  lyze  both  sub- 
types  . 

Untyped  Vi  cultures  (group  Vi-I-Vi-IV)  can  be  differentiated  with 
the  set  of  0  and  Vi  phages  used  to  subdivide  type  A. 

A  special  typing  scheme  has  recently  been  proposed.  It  utilizes 
killed  phages  isolated  from  cultures  of  group  Vi-I-Vi-IV  in  A  subtypes 
(Tananarive)  or  Salm.  dublin.  Using  8  such  bacteriophages,  Nlcol  and 
Divemo  subdivided  strains  of  group  Vi-I-Vi-IV  obtained  from  different 
areas  and  countries  into  13  subtypes  (Table  20). 

Cultures  of  identical  phagotypes,  untyped  Vi  cultures,  polylyzable 
cultures,  and  W  cultures  can  also  be  subdivided  in  experiments  to  de¬ 
termine  lyzogenecity.  This  test  is  based  on  the  fact  that  epldemiogical- 
ly  related  strains  are  not  lyzogenic  for  one  another;  only  a  culture 
from  another  nidus  can  be  used  to  demonstrate  this  property.  The  ap¬ 
pearance  of  lyzogenicity  in  a  pair  of  cultures  of  Identical  phagotypes 
shows  that  they  are  epidemiologically  nonhomogeneous . 

Preparation  of  type  phages  and  determination  of  critical  test  dilution 

Type  phages  reproduce  in  bacteria  of  homologous  phagotypes.  Any 
strain  of  typhoid  bacterium  which  is  rich  in  VI  antigen  and  capable  of 
retaining  It  can  be  used  for  the  reproduction  of  other  Vi  phages  (I, 

III,  IV,  V,  VI,  VII).  0  phages  multiply  in  strain  0-901,  which  contains 
no  VI  antigen. 

The  type  phage  to  be  prepared  must  be  purified.  For  this  purpose 
Petri  dishes  containing  pure  agar  are  Inoculated  with  6  or  7  drops  of 
a  day-olu  broth  culture  of  the  homologous  strain.  The  culture  is 

-  324  - 


spread  over  the  surface  of  the  agar  in  such  fashion  that  it  is  continu¬ 
ous.  When  the  culture  has  dried  drops  of  several  phage  dilutions  are 
applied  to  it  to  produce  isolated  sterile  spots.  The  culture  is  placed 
in  a  heater  at  37-38.5°  for  16-18  hr.  Negative  phage  colonies  ("plaques 
are  transferred  to  broth-containing  test-tubes  together  with  the  under¬ 
lying  agar  and  surrounding  culture;  the  tubes  are  incubated  for  3-4  br 
and  then  heated  at  57°  for  40  min  (or  filtered)  and  the  phage  is  reti-- 
trated  on  a  solid  medium  with  the  corresponding  type  strain.  This  pro¬ 
cedure  is  repeated  3  or  4  times  (the  negative  phage  colony  isolated 
from  the  last  dilution  is  recultured  on  broth,  etc.)  to  obtainapure 
strain  of  the  phage. 

The  type-phage  preparations  are  made  up  directly  in  the  necessary 
stock  volume.  The  highest  phage  titre  is  obtained  when  the  phase  and 

Q 

bacteria  concentrations  are  equal.  A  total  of  10  bacteria  in  the  log¬ 
arithmic-growth  phase  and  approximately  the  same  number  of  homologous 
phage  particles  are  introduced  into  100  ml  of  broth  preliminarily  heat¬ 
ed  to  37°.  The  mixture  is  then  Incubated  at  38.5°  until  the  broth  has 
been  completely  clarified,  with  a  maximum  of  7i  hr.  The  lyzate  is  heat¬ 
ed  at  57°  for  40  min  and  centrifuged  at  3000  rpm  for  20-30  min  to  re¬ 
move  the  killed  bacteria.  The  preliminary  critical  test  dilution  is 
then  determined  on  a  solid  medium:  the  phage  is  titrated  in  ten-fold 
dilutions  with  the  homologous  strain  and  with  phagotype  A. 

If  it  proves  impossible  to  obtain  a  satisfactory  critical  test  di¬ 
lution  of  the  phase  in  the  liquid  medium,  it  is  helpful  to  employ  Qraz- 

Q 

la's  agar-layer  method.  A  total  of  4.0*10  bacteria  is  mixed  with  type- 
phage  particles  In  3  ml  of  semlllquld  0.45#  agar;  the  phage  dosage  is 
selected  empirically  and  should  equal  the  least  number  of  particles 
which  produces  continuous  lysis  with  the  aforementioned  quantity  of  bac 
terla.  These  conditions  ensure  a  maximum  number  of  phage -reproduct ion 
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cycles ,  leaving  a  minimum  number  of  bacterial  cells  intact.  The  phage  - 
bacteria  mixture  is  poured  onto  a  layer  of  ordinary  agar  and  the  cul¬ 
ture  Is  incubated  at  38*5*  for  16  hr.  A  total  of  6  ml  of  broth  is  then 
added  to  each  of  the  dishes ,  the  surface  layer  of  the  agar  is  scraped 
off ,  and  the  mixture  of  broth  and  semiliquid  agar  is  transferred  to  a 
20  ml  flask,  which  is  heated  at  57®  for  40  min  and  centrifuged.  This 
produces  a  phage  suspension  containing  up  to  1011  particles  per  ml. 

After  the  phage  nas  been  obtained  in  sufficient  strength  a  final 
determination  is  made  of  the  critical  test  dilution.  The  preliminary 
critical  dilution  and  the  two  following  dilutions  are  tested  on  all 
known  phagotypes. 

There  is  some  difficulty  in  determining  the  critical  test  dilu¬ 
tions  of  type  phages  which  produce  extremely  small  sterile  spots  in 
homologous  phagotypes  and  large  spots  in  certain  heterologous  phago¬ 
types.  As  is  well  known,  for  continuous  lysis  a  drop  of  phage  should 
yield  approximately  100  large  negative  Colonies  and  more  than  1000 
small  colonies  (visible  only  under  a  magnifying  glass).  A  small-spot- 
' producing  phage  in  a  dilution  sufficient  to  cause  continuous  lysis  with 
a  homologous  culture  will  consequently  similarly  lyze  heterologous  pha¬ 
gotypes,  yielding  large  spots.  In  order  to  avoid  this,  the  critical 
test  dilution  of  such  phages  is  assumed  to  be  that  dilution  which 
yields  about  100  sterile  spots  with  the  homologous  phagotype. 

Typing  method 

Media .  Ordinary  nutritive  media  are  used  for  the  phage  typing  of 
collform  bacteria,  changing  only  the  concentrations  of  individual  in¬ 
gredients.  It  is  easy  to  obtain  comparable  results  on  standard  dry  nu¬ 
tritive  media.  The  following  formula  is  recommended  for  liquid  media: 

20  g  of  dry  nutritive  broth  (Difco),  8.5  g  of  sodium  chloride,  and 
1000  ml  of  distilled  water.  The  mixture  is  sterilized  at  120°  for  25 
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min  and  has  a  final  pH  of  6.8.  Adjustment  of  the  pH  with  alkalies  is 
not  recommended.  In  order  to  prepare  a  solid  iridium  1. 3-1.5#  of  high- 
quality  agar  is  added  to  the  liquid  medium.  When  Soviet -produced  dry 
nutritive  agar  is  used  4  rather  than  5  g  of  powder  is  added  to  100  ml 
of  water,  the  remainder  of  the  procedure  being  handled  in  the  manner 
indicated  on  the  packing  slip. 

This  medium  ensu.es  standard  typing  results,  although  they  are  not 
always  sufficiently  clear.  M^re  intensive  culture  and  phage  reproduc¬ 
tion  can  be  achieved  in  trypsin-digested  media  prepared  in  the  labora- 
•  'oy.  In  trypsin  digestion  by  Hottinger's  method  no  less  than  500  g  of 
•'.•esh  meat  is  added  to  1  liter  of  water.  It  is  necessary  to  avoid  ex¬ 
cessive  use  of  sodium  hydroxide  in  adjusting  the  pH,  which  should  be 
7.5.  The  residue  is  removed,  since  an  excess  of  phosphates  inhibits 
lysis.  In  order  to  prepare  a  solid  medium  1. 3-1-5#  of  agar  is  added  to 
the  broth.  Each  new  batch  of  this  medium  must  be  compared  with  the  pre¬ 
ceding  batch,  typing  phagotypes  N,  0,  and  T  in  it.  The  medium  is  ready 
for  use  if  critical  test  dilutions  of  the  type  phages  produce  distinct 
small  sterile  spots  in  these  phagotypes. 

It  is  useful  to  add  0.2#  of  sodium  sulfate  to  the  agar  for  typing 
cultures  which  produce  dwarf  colonies,  since  they  grow  normally  on  this 
medium.  Addition  of  5$  of  glycerine  to  the  medium  increases  the  size  of 
negative  phage  colonies,  but  simultaneously  causes  a  rise  in  the  number 
of  cross-reactions  with  heterologous  phagotypes  and  is  consequently 
contraindicated. 

Phages  of  the  same  type  from  different  production  series  are  In¬ 
variant  only  with  re  pect  to  continuous  lysis.  Weaker  reactions  (from 
+  to  +++)  are  not  as  consistent  and  cannot  be  regarded  as  diagnostic; 
the  strains  with  which  the  reactions  appear  vary  from  series  to  series. 

The  phages  are  stored  at  4°.  Undiluted  preparations  retain  their 
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titre  for  8-10  years.  Critical  test  dilutions  remain  stable  for  several 
months  at  the  aforementioned  temperature. 

Typing  technique 

For  typing  typhoid  cultures  a  laboratory  should  have  a  set  of  VI -II 
phages  for  all  presently  known  phagotypes,  Vi -I,  Vi-III,  Vi-IV,  Vl-V, 
Vi-VI,  and  Vi-VII  phages,  and  adsorbed  typhoid  VI  and  0  sera.  It  Is  al¬ 
so  desirable  to  have  the  phages  used  for  additional  subdivision  of  pha¬ 
gotypes  and  standard  type  strains  of  the  known  phagotypes. 

Portions  of  20  ml  of  agar  are  poured  Into  Petri  dishes  and  dried 
uncovered  In  a  heater.  Squares  or  sectors  corresponding  to  the  number 
of  phages  used  are  drawn  on  the  bottoms  of  the  dishes  and  the  designa¬ 
tions  of  the  phages  are  recorded.  It  Is  convenient  to  mark  the  dishes 
with  a  rubber  stamp  bearing  a  grid -like  design,  which  Is  wetted  and 
placed  on  a  surface  impregnated  with  glass -marking  ink.  With  practice 
it  Is  possible  to  avoid  writing  any  information  on  the  bottoms  of  the 
dishes,  provided  that  the  phages  are  used  In  a  predetermined  order  pre¬ 
viously  noted  on  a  sheet  of  paper.  A  counterclockwise  spiral  is  drawn 
on  the  bottom  of  each  dish;  when  viewed  through  the  agar  layer  it  ap¬ 
pears  to  run  clockwise.  A  straight  line  at  the  beginning  of  the  spiral 
indicates  the  point  where  the  first  phage  in  the  series  is  to  be  ap¬ 
plied.  It  Is  impossible  to  apply  one  drop  of  phage  on  top  of  another, 
since  the  first  phage  is  not  permitted  to  dry  before  the  second  is  ap¬ 
plied  and  is  thus  clearly  visible.  In  evaluating  the  results  all  the 
drops  of  phage  are  visible  in  relief  against  the  velvety  matte  back¬ 
ground  of  the  growing  culture. 

Phages  of  rarely  encountered  phagotypes  are  best  employed  in  mix¬ 
tures  of  4  or  5  phages.  Separate  typing  is  carried  out  when  lysis  oc¬ 
curs  where  the  mixture  has  been  applied.  The  following  phage -application 
order  is  recommended:  A,  A  in  CTD  x  20,  B1  [B2,  B3],  Cl  [C2,  C3,  C4, 
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C5b  [C6,  C7,  c3,  C9] ,  Dl,  D2,  D4,  D5,  D6,  [D7,  D8,  D9,  Dio,  Dll],  El, 

E2 ,  [E3,  E4,  E5,  E6,  E7,  E8,  E9,  Eio],  FI,  F2,  [F3,  F4,  F5],  [0,  H,  II, 
12,  I3l,  [Kl,  K2] ,  [LI,  L2,  Ml,  M2,  M3],  N,  0,  T,  [25,  26,  27,  2$,  [29, 
32,  34,  35,  36,  37],  [38,  39,  40,  41,  42],  [43,  44,  45,  46],  Vi-I,  VI- 
IV,  Vl-VII  and  0. 

The  phages  Indicated  In  brackets  are  mixed  with  one  another,  each 
phage  being  taken  in  its  critical  test  dilution. 

Phage  A  is  the  most  specific,  iyzing  only  phagotype  A  in  its  cri¬ 
tical  test  dilution.  PLagotypes  which  have  lost  their  specificity  ac- 
■;-lre  a  sensitivity  to  this  phage.  In  order  to  detect  such  degradation 
; :  age  A  Is  employed  in  Its  critical  test  dilution  and  In  a  concentra¬ 
tion  20  times  that  of  the  critical  dilution. 

VI  phages  of  other  serotypes  and  0  phages  in  critical  test  dilu¬ 
tions  are  used  in  addition  to  Vi-II  phages.  Inclusion  of  these  phages 
serves  a  three-fold  purpose.  Firstly,  cultures  which  are  not  broken 
down  by  Vi-II  phages  may  yield  distinct  reactions  with  Vi  and  0  phages 
and  can  thus  be  differentiated.  Secondly,  lysis  by  Vi  phages  in  criti¬ 
cal  test  dilution  Is  specific  for  S.  typhi  and  shows  Its  typhoid  char¬ 
acter.  Thirdly,  VI  and  0  phages  aid  in  the  further  subdivision  of  pha- 
gotypes  A,  El,  Cl,  etc.,  which  are  dominant  in  the  microflora  of  a  given 
city  or  republic.  It  is  aiso  recommended  that  undiluted  Vi-1  phage  be 
used  as  an  indicator  for  VI  antigen.  For  simplicity,  the  designations 
of  the  phages  and  mixtures  In  the  dishes  can  be  replaced  by  arbitrary 
numbers. 

It  Is  best  to  type  young  broth  cultures,  since  they  contain  the 
greatest  quantity  of  Vi  antigen  and  consequently  adsorb  Vi  phages  inten¬ 
sively.  The  cultures  to  be  studied  is  added  to  2  ml  of  undiluted  Hov- 
tlnger's  trypsin-digested  medium  or  Martin's  peptone  until  a  barely 
visible  cloudiness  appears.  The  mixture  Is  kept  In  a  heater  at  38.5°  un- 
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til  the  cloudiness  roughly  corresponds  to  a  content  of  5*10  bacteria 
per  ml,  which  requires  2-2i  hr.  The  surface  of  the  agar  is  then  inocu¬ 
lated  with  7  or  8  drops  of  the  culture  to  be  typed,  distributing  them 
uniformly  over  the  dish  with  gentle  perpendicular  movements  of  the  spa¬ 
tula.  The  dishes  are  left  uncovered  to  dry  and  drops  of  the  diagnostic 
phages  are  placed  on  the  dry  culture  surface.  It  is  most  convenient  to 
employ  Pasteur  pipettes  for  this  purpose,  using  a  separate  pipette  for 
each  phage.  In  order  to  keep  the  drop  from  spreading  a  small  quantity 
of  phage  is  drawn  up  into  the  capillary  of  the  pipette  and  applied  by 
gently  touching  the  drop  to  the  surface  of  the  agar.  After  the  drops 
have  dried  the  covered  dishes  are  turned  bottom  up  and  incubated  at 
38.5°,  the  optimum  temperature  for  typing.  The  minimum  optimum  tempera¬ 
ture  is  33°,  since  there  is  a  tendency  toward  an  increased  number  of 
cross -react ions  when  the  temperature  is  further  reduced. 

Evaluating  typing  results 

The  results  are  first  evaluated  after  6-7  hr  of  growth.  In  emer¬ 
gency  cases  this  makes  it  possible  to  report  the  typing  results  on  the 
same  day  that  the  cultures  are  taken.  The  second  and  final  evaluation 


TABLE  21 

Anderson's  Arbitrary  Symbols  for  Recording 
Results 


*  1  ..r.niwMI 

1  <fcKM  Wfin-M 

3  _ 

lOMMtft 

■MMat 

JInmc 

B— teutonic  * 
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H— nopwijura*  5 

C*  JIH3HC 

*  Ul-cji.uunim.Acn 

jBts 

JIH3HC 

M — MAM  4 

OM  —  MMMUe  TtMMtO 

<  nCHl  npoMexyrooHwc 
<CJ1  JcreneKH  /imhc* 

c  Jiynoft 

7 

+±+«l— 120 

Mil — cJiHsmui  hAc* 

MyTHUA  3IH3HC 
(MyTHOCTk  IMS- 

Mf>a  txofhriMWM 

poctoM) 

1}  Size  of  negative  colonies;  2)  number  of  negative  colonies;  3)  lysis; 
4)  large;  5)  normal;  6)  small;  f)  visible  only  under  magnifying  glass; 
8)  semicontinuous  lysis;  9)  continuous  lysis;  10}  intermediate  lysis; 
11)  continuous  cloudy  lysis  (cloudiness  caused  by  secondary  growth). 
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Is  made  after  18-24  hr. 

The  lysis  reactions  ^e  read  with  the  unaided  eye  through  the  bot¬ 
tom  of  the  dish,  using  direct  or  Indirect  Illumination  and  employing 
one  hand  as  a  slowly  moving  screen  between  the  light  source  and  the 
dish.  It  is  best  to  evaluate  the  results  in  daylight.  All  doubtful  or 
negative  reactions  are  checked  with  a  7-10  power  hand  magnifying  glass. 

Anderson  recommends  the  arbitrary  symbols  shown  in  Table  21  for 
recording  the  results. 

Determination  of  phagotype  presents  no  difficulties  for  a  strain 


’>  normal  condition,  provided  that  the  critical  test  dilutions  of  tjhe 
(•■Sages  are  made  up  correctly  and  that  their  activity  conforms  to  that 
shown  In  the  table.  Examples  of  characteristic  positive  typing  reactions 
are  shown  In  Pig.  25. 

The  following  difficulties  may  be  encountered  in  typing: 

1.  The  culture  is  not  lyzed  by  adapted  Vi-II  phages  but  is  sensi¬ 
tive  to  other  VI  phages.  Figure  26  shows  this  type  of  reaction,  which 
may  be  caused  by  either  of  the  following  factors: 

a)  The  culture  is  a  new  type.  In  this  case  it  must  be  tested  with 
phages  of  the  rarer  types  or  Vi-II  phage  (type  A)  must  be  adapted  to 
it.  The  new  phage  must  be  checked  in  its  critical  test  dilution  against 
all  the  standard  phagotypes.  Selective  lysis  with  the  culture  to  which 
the  phage  was  passivated  and  lack  of  lysis  with  standard  strains  con¬ 
firms  that  a  new  phagotype  has  been  Isolated; 

b)  the  culture  is  an  imperfect  form  and  does  not  sustain  reproduc¬ 
tion  of  Vi-II  phage.  Some  cultures  of  this  variety  can  be  typed  from 
their  lysis  reactions  with  0  phages  and  with  unadapted  Vi  phages  of 
serotypes  I,  III,  IV,  V,  VI,  and  VII,  as  well  as  with  the  special  set 
of  phages  proposed  by  Nicol  and  Dlverno. 

2.  The  culture  undergoes  continuous  or  semicontlnuous  lysis  by 
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Fig.  25.  Reactions  of  phagotypes  A,  F^,  F2,  and  I  of  S.  typhi  with 

adapted  Vi-II  phages  in  critical  test  dilution,  a)  Type  A;  b)  type  F, ; 
c)  type  Fgi  d)  type  I  (after  Anderson  and  Williams). 


several  adapted  Vi-II  phages.  Such  cultures  are  known  as  polylyzable 
or  degraded  VI  strains.  Figure  25  illustrates  the  reactions  of  such  a 
strain.  The  culture  is  clearly  lyzed  by  phage  type  A,  which  shows  that 
It  is  degraded.  The  reactions  with  Vi-II  phages,  which  are  usually  con¬ 
stant,  can  be  used  to  recognize  and  combine  epidemlologlcally  similar 
strains.  It  is  permissible  to  refer  to  the  aforementioned  cultures  as 
phagotype  A,  indicating  the  gaps  in  their  lytic  reactions.  Among  the 
polylyzable  cultures  special  mention  must  be  made  of  strains  which  are 
lyzed  by  phage  N  and  individual  phages  of  group  D  (the  so-called  or 
N+D^  phagotype).  Certain  strains  of  phagotype  N  may  yield  this  reaction 
when  typing  is  carried  out  at  a  low  temperature  (36-37.5°).  Incubation 
of  the  dishes  at  38.5°  reduces  the  number  of  nonspecific  reactions  with 
D  phages  and  the  strains  are  classified  as  normal  type  N. 

3.  The  culture  is  weakly  lyzed  by  several  type  phages,  strongly 
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lyzed  by  unadapted  Vi  phages,  and  is  insensitive  to  phage  A.  This  may 
be  caused  by  a  decrease  in  the  size  of  the  phage  colonies  in  an  atypi¬ 
cal  phagotype  variant.  The  homologous  phage  in  critical  test  dilution 
yields  continuous  lysis  when  the  sterile  spots  are  of  normal  size.  The 
decrease  in  plaque  size  causes  continuous  lysis  to  fail  to  appear  at 
the  critical  test  dilution,  thus  producing  doubtful  results.  In  such 
situations  it  is  recommended  that  the  typing  be  repeated  with  the  pha¬ 
ges  in  a  concentration  10  times  the  critical  test  dilution. 


Fig.  2 6.  a)  Untypable  VI  culture  of  S.  typhi  (lysis  occurring  with  a 
mixture  of  Vl-I  and  Vl-IV  phages);  b)  degraded  Vi  culture. 


In  extreme  cases,  where  the  strain  cannot  be  clearly  differen¬ 
tiated  with  any  of  the  standard  phages,  it  is  possible  to  employ  so- 
called  indirect  typing.  Vi-II  phage  is  adapted  to  the  strain  to  be 
typed  and  the  new  phage  is  tested  with  all  the  standard  type  strains. 
The  strain  under  investigation  is  regarded  as  identical  to  the  phago¬ 
type  which  corresponds  to  the  new  phage  preparation.  If  the  new  phage 
is  lytically  inert  with  respect  to  the  standard  phagotypes  the  type 
phage  of  the  phagotype  which  has  been  isolated  is  missing  from  the 
laboratory's  set  of  phages. 

4.  The  culture  is  not  lyzed  by  any  of  the  VI  phages  in  critical 
test  dilution,  but  is  sensitive  to  concentrated  Vi-I  phage.  This  may  be 
caused  by  poor  development  of  the  Vi  antigen  in  the  culture,  which  ham- 
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peps  Its  adsorption  of  the  VI  type  phages.  An  attempt  can  be  made  to 
type  the  culture  with  more  concentrated  phages  (one  order  of  dilution 
less  than  the  critical  test  dilution). 

The  following  techniques  can  be  employed  to  Increase  the  Vi-anti- 
gen  content  of  the  culture : 

a)  culturing  the  strain  on  1. 3-1-5/6  agar,  followed  by  selection 
of  colonies  which  appear  cloudy  In  transmitted  light  and  agglutinate 
well  on  slides  with  commercial  adsorbed  typhoid  VI  serum.  A  total  of 
40-50  Isolated  colonies  from  different  subcultures  must  be  checked. 

b)  Passage  through  broth  containing  5%  typhoid  0  serum  for  6-18  hr, 
followed  by  transfer  of  the  culture  from  the  upper  broth  layer  to  dish¬ 
es  containing  agar  and  selection  of  colonies  with  VI  serum. 

c)  Passage  through  white  mice.  A  day-old  culture  raised  on  ordina¬ 
ry  broth  is  diluted  to  1:20  and  0.5  ml  of  this  dilution  Is  Injected  ln- 
traperitoneally.  The  mouse  is  killed  with  chloroform  after  60  hr.  Agar 
is  Inoculated  with  blood  from  the  heart  and  the  exudate  from  the  abdom¬ 
inal  cavity,  which  is  washed  out  with  physiological  saline  solution.  No 
fewer  than  20  colonies  are  checked  for  VI  antigen  in  rough  agglutina¬ 
tion  tests. 

5.  The  culture  is  not  broken  down  by  any  of  the  VI  phages  in  crit¬ 
ical  test  dilution,  including  undiluted  Vi-I  phage.  This  means  either 
that  the  culture  contains  no  Vi  antigen  at  all  or  that  it  is  not  ty¬ 
phoid  in  character.  Strains  found  in  the  pure  W  form  usually  do  not  re¬ 
gain  their  Vi  antigen.  They  are  typed  with  0  phages  or  biochemically 
if  necessary. 

It  must  be  kept  in  mind  that  clones  of  the  same  culture  may  differ 
from  one  another  in  their  content  of  VI  antigen  and  the  extent  of  their 
specificity.  It  is  consequently  helpful  to  repeat  the  typing  with  other 
clones  when  the  reactions  are  unclear.  It  is  desirable  to  send  a  mix- 
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ture  of  10-12  colonies  of  the  Initial  culture  for  typing,  especially 
If  they  have  been  Isolated  from  a  concentration  medium. 

It  Is  preferable  to  store  cultures  on  Dors'  egg  medium  In  darkness 
at  4°  after  minimal  incubation  at  37-38°.  Individual  strains  exhibit  a 
tendency  toward  loss  of  some  of  their  VI  antigen  during  storage,  so 
that  It  Is  helpful  to  rejuvenate  them  by  culturing  them  on  agar  and  to 
select  clones  rich  In  Vi  antigen  by  the  method  described  above.  Colonies 
which  yield  clear  Vi  agglutination  are  transferred  to  Dors'  medium  and 
stored  In  the  usual  manner. 

In-reaslt. Phage -Tltre  Reaction 
Pi  of.  D.M.  Ool'dfarb 

Indicator  phage.  D.M.  Gol 'dfarb  and  Z.S.  Ostrovskaya  obtained  a 
typhoid  indicator  phage  by  Intensive  passivation. 

Production  method.  The  following  Ingredients  are  necessary  to  ob¬ 
tain  the  phage. 

1.  Polyvalent  typhoid  phage,  which  reacts  with  typhoid  cultures 
containing  VI  antigen. 

2.  A  day-old  culture  of  S.  typhl  strain  Ty-2  raised  on  a  meat-in¬ 
fusion  agar  slant.  Ty-2  cultures  are  capable  of  retaining  their  VI  an¬ 
tigen,  so  that  culturing  and  selection  of  colonies  which  agglutinate 
with  VI  serum  on  slides  Is  usually  sufficient  for  selection  of  a  full¬ 
valued  subculture  (if  the  Vl-antlgen  content  Is  reduced). 

3.  Meat -infusion  broth  at  pH  7*0* 

A  total  of  0.5  ml  of  the  polyvalent  phage,  which  is  preliminarily 
titrated  by  Orazia's  two-layer  method,  and  0.1  ml  of  the  culture,  which 
Is  washed  from  the  agar  slant  with  5  nil  of  physiological  saline  solu¬ 
tion,  are  added  to  4.5  ml  of  the  meat-infusion  broth.  The  mixture  Is 
kept  In  a  heater  at  37°  for  1  hr.  It  Is  then  heated  at  58°  for  30  min 
and  0.5  ml  Is  poured  from  test-tube  No.  1  Into  test-tube  No  2  (second 
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passage),  which  contains  4.5  ml  of  sterile  meat-infusion  broth  to  which 
0.1  ml  of  the  culture  has  been  added.  Passages  of  this  type  are  made 
over  a  period  of  5  days  (6  days  for  certain  phages),  with  one-hour  in¬ 
cubations  in  the  heater,  to  produce  a  high-specificity  typhoid  phage 
(which  has  been  arbitrarily  designated  BF5)«  The  5th  culture  is  checked 
for  specificity  by  the  usual  method,  applying  drops  to  a  solid  medium 
(meat -infusion  agar).  The  specificity  of  the  phage  increases  as  it  is 
passivated;  the  5th  and  6th  passages  usually  reinforce  the  passivation. 

The  other  indices  of  this  phage  also  satisfy  the  requirements  im¬ 
posed  on  indicator  phages.  Its  5-min  adsorption  on  strain  Ty-2  amounts 

to  80-90£,  while  its  latent  period  is  12-15  rain.  It  is  thermostabte  , 

T  1 

not  being  inactivated  by  heating  at  580  for  30  min. 

The  increasing  phage -titre  reaction  is  set  up  in  the  same  manner 
for  typhoid  as  for  dysentery.  Strain  Ty-2  serves  as  the  standard  cul¬ 
ture.  The  results  of  the  reaction  are  evaluated  on  the  following  scale: 
+  rise  in  phage  titre  by  factor  of  2.5; 

++  rise  in  phage  titre  by  factor  of  3-5; 

+++  rise  in  phage  titre  by  factor  of  more  than  5; 

++++  rise  in  phage  titre  by  factor  of  more  than  10. 

SALMONELLOSIS 


L.M.  Margorina,  Candidate  of  Medical  Sciences 

Morphology  and  biology  of  Salmonella;  cultural  characteristics 

Salmonella  (which  cause  food  poisoning)  are  short,  labile,  gram- 
negative  rods;  they  do  not  ferment  lactose,  usually  decompose  glucose, 
mannose,  and  maltose  to  form  an  acid  and  a  gas,  and  produce  hydrogen 
sulfide. 


An  expanded  composite  series  containing  a  fuller  set  of  carbohy¬ 
drates  and  polyatomic  alcohols  is  used  for  more  careful  differentiation 
of  the  individual  members  of  the  Salmonella  group  (see  Table  24). 
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In  the  laboratory  Identification  of  Salmonella  It  Is  necessary  to 
take  Into  account  possible  changes  In  biochemical  properties,  which  are 
produced  principally  by  the  action  of  antibiotics  and  other  drugs.  Thus 
In  addition  to  lactose-negative  strains,  there  are  variants  which  fer¬ 
ment  lactose  to  form  an  acid  and  variants  which  do  not  ferment  mannose 
and  do  not  form  a  gas  during  fermentation  of  glucose  and  mannose,  yet 
retain  the  other  characteristics  of  bacteria  of  the  Salmonella  group. 

In  order  to  check  the  uniformity  of  their  colonies,  such  strains 
are  cultured  on  differential  media  and  subcultures  are  then  subjected 
1  more  thorough  study  by  the  method  used  for  identification  of  Salmon¬ 
ella.  It  is  sufficient  to  conduct  a  number  of  passes  through  10#  bile 
broth,  Hottinger's  broth,  and  agar  slants  to  restore  the  initial  bio¬ 
chemical  properties  of  atypical  cultures. 

Antigenic  structure;  serotypes 

The  antigenic  structure  of  Salmonella  (see  page  291)  served  as  the 
basis  for  the  classix’lcation  compiled  by  White  and  Kaufman.  This  clas¬ 
sification  system  utilizes  the  differences  In  the  structure  of  the  0 
antigens,  which  make  It  possible  to  divide  the  Salmonella  Into  a  number 
of  serological  groups  (A,  B,  C,  D,  E,  etc.).  The  differences  In  the  H 
antigens,  both  specific  and  nonspecific,  make  It  possible  to  differen¬ 
tiate  types  within  the  Individual  groups  (see  Table  24).  More  than  500 
types  and  14  serological  groups  of  Salmonella  differing  In  their  0  an¬ 
tigens  have  now  been  listed. 

The  continuous  Increase  In  the  number  of  serological  types  of  Sal¬ 
monella  Is  In  all  probability  associated  with  the  change  In  their  anti¬ 
genic  structure  produced  by  different  living  conditions  (adaptation  to 
the  environment  and  to  animals  and  man). 

Unadsorbed  specific  OH  sera  (typhoid,  paratyphoid  A,  paratyphoid  B 
Gertner  paratyphoid  enteritis,  Breslau  paratyphoid  (typhi  murium],  and 
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paratyphoid  Sulpestifer  [cholerae  suis])  can  be  used  for  rough  agglu¬ 
tination  on  slides.  A  mixture  of  these  sera  diluted  to  1:20  can  also  be 
employed.  When  a  positive  agglutination  reaction  is  obtained  on  slides 
it  is  necessary  to  set  up  an  expanded  agglutination  reaction,  which 
makes  it  possible  to  determine  whether  the  culture  under  investigation 
belongs  to  the  Salmcnella  group.  In  order  to  determine  the  group  and 
type  of  Salmonella  to  which  a  given  culture  belongs  it  is  necessary  to 
conduct  a  receptor  analysis,  using  0  and  H  monoreceptor  sera  for  agglu¬ 
tination  on  slides  (see  Table  24)  j  a  mixture  of  0  monoreceptor  sera  can 
also  be  employed,  subsequently  differentiating  the  cultures  into  indi¬ 
vidual  0  serological  groups  and  types. 


TABLE  24  Serological  m4  Biochemical  Properties  of  Salmonella* 
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For  determination  of  the  0  antigen  culture  material  is  taken  from 
the  upper  portion  of  an  agar  slant  In  a  test-tube,  while  for  determina¬ 
tion  of  the  H  antigen  It  Is  taken  from  the  lower  portion  of  the  slant. 

Freshly-isolated  cultures  are  sointimes  incapable  of  agglutinating 
with  either  specific  or  monoreceptor  sera.  Such  cultures  ray  regain 
their  agglutinative  properties  after  repeated  daily  passivation  (2-3  or 
more  times)  In  semiliquid  {0.b%)  agar.  Passivation  in  freshly -prepared 
weakly  alkaline  agar,  bile,  or  bile  broth  repeated  3-5  times  will  also 
increase  agglutinabllity ;  alternate  passivation  In  agar  and  a  bile  me- 
vi’um  can  also  be  employed.  Repeated  processing  can  also  be  used  in  in¬ 
vestigating  freshly-isolated  cultures  which  agglutinate  In  several  he¬ 
terogeneous  sera  (degenerative  forms). 

The  specific  phase  of  the  flagellar  H  antigen  can  be  isolated  by 
Swan  and  Grad’s  dish-culturing  method.  This  technique  is  based  on  the 
fact  that  when  homologous  H  serum  is  added  to  agar  the  mobility  of  the 
bacteria  is  selectively  suppressed  in  accordance  with  the  phase  present. 
The  phase  which  is  not  affected  by  the  serum  increases  in  quantity  and 

can  be  Isolated  from  the  margin  of  the  colony. 

Technique.  Portions  of  15  ml  of  2#  molten  agar  to  which  meat-infu¬ 
sion  broth  (or  Hottinger's  broth)  has  been  added  are  poured  into  small 
flasks.  After  the  agar  has  cooled  a  drop  of  the  requisite  serum  is  add¬ 
ed  to  It  and  the  mixture  is  agitated  and  poured  into  Petri  dishes.  The 
dishes  are  dried  in  a  heater  at  37°.  A  streak  of  a  day-old  culture  is 
applied  to  the  center  of  each  Petri  dish  with  a  loop  and  the  dishes  are 
returned  to  the  heater  for  18-20  hr. 

The  culture  material  extending  beyond  the  edges  of  the  macrocolon¬ 
ies  is  tested  on  slides  with  adsorbed  monoreceptor  sera. 

This  method  can  also  be  used  to  determine  the  second  H  phase  when 

monophasic  cultures  have  been  isolated. 
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Certain  cultures,  such  as  S.  paratyphi  C  (which  does  not  contain 
Vi  antigen)  and  S.  cholerae  suis,  cannot  be  distinguished  Dy  serologi¬ 
cal  receptor  analysis  (Table  24);  in  such  cases  the  cultures  are  iden¬ 
tified  from  supplemental  biochemical  reactions.  S.  paratyphi  C  usually 
ferments  arabinose  and  always  ferments  trehalose  quite  quickly,  while 
S.  cholerae  suis  does  not  decompose  either  of  these  sugars.  S.  paraty¬ 
phi  C  soon  ferments  dulcitol,  while  S.  cholerae  suis  gives  a  retarded 
or  negative  reaction  in  media  containing  this  compound.  The  cultural 
characteristics  which  distinguish  B.  paratyphi  schotmuelleri  from  the 
other  Salmonella  of  group  B  include:  l)  formation  of  a  mucous  spindle 
within  a  few  days  after  a  24-hr  37*  culture  is  shifted  to  room  tempera¬ 
ture  (20-22°;  it  is  best  that  the  medium  contain  2.5#  of  agar  and  an 
equal  quantity  of  sodium  chloride);  2)  formation  of  daughter  colonies 
in  agar  containing  raffinose;  3)  creep  on  gelatin  slants  over  a  period 
of  4-10  days. 

Laboratory  Diagnosis  of  Salmonellosis 
*-  Material  for  examination;  taking  of  samples.  The  Initial  material 

for  bacteriological  examination  may  be  vomltus,  lavage  water,  blood, 
feces,  or  urine. 

Remains  of  food  eaten  by  the  patients  and  washings  from  the  ves¬ 
sels  in  which  this  food  was  cooked  and  stored  and  from  the  tables  on 
which  it  was  prepared  are  also  subjected  to  bacteriological  investiga¬ 
tion.  When  the  Illness  terminates  in  death  the  parenchymatous  organs, 
blood  from  the  heart,  the  contents  of  the  stomach  and  small  intestine, 
and  the  lymph  nodes  are  examined.  Cadaver  material  can  be  cultured  on 
the  .spot  or  shipped  to  the  laboratory  in  individual  sterile  vessels. 

Whenever  possible  the  material  to  be  examined  is  collected  before 
the  patient  receives  antibiotics. 

The  patient's  dejecta  (fecal  matter  and  vomltus)  are  collected  in 
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quantities  of  50-100  g,  while  lavage  water  Is  collected  In  quantities 
of  100-200  ml.  If  the  vomitus  and  lavage  water  have  an  acid  reaction 
they  must  be  neutralized  with  5-lC$  sodium  bicarbonate  before  culturing. 
Impurities  of  disinfectants  In  the  lavage  water  makes  It  unsuitable  for 
bacteriological  examination. 

Vomitus  with  a  thick  consistency  is  thoroughly  shaken  In  10  parts 
of  physiological  solution  before  culturing  and  as  much  of  the  solid 
matter  as  possible  Is  permitted  to  settle  {liquid  vomitus  Is  cultured 
Immediately ) . 

A  total  of  1  or  2  drops  of  material  from  the  upper  layer  of  the 
.  :ttled  suspension  Is  applied  to  a  nutritive  medium  and,  uslrg  the  same 
spatula,  the  material  Is  streaked  on  dishes  containing  varioiis  color 
media  (Plosklrev's  agar.  Levin's  medium,  and  Endo's  medium).  In  addi¬ 
tion  to  direct  inoculation  of  solid  nutritive  media,  cultures  are  also 
made  on  concentration  media  (Muller's,  Kaufman's,  Racklten-Retger 's, 
etc.,  media ). 

Portions  of  1  ml  of  the  material  to  be  examined  are  placed  In 
test-tubes. 

It  is  desirable  that  lavage  water  be  centrifuged  and  the  residue 
cultured  both  on  solid  media  and  concentration  media.  Blood  for  hemo- 
cultures,  feces,  and  urine  are  cultured  in  the  same  manner  as  In  ty¬ 
phoid  (page  294). 

In  Investigating  meat  and  meat  products  several  chunks,  welgh'.ng 
from  200  to  500  g  If  possible,  are  used;  It  Is  desirable  to  select  meat 
containing  lymph  glands  and  a  tubular  bone  (when  large  chunks  are  not 
available  all  remnants  suspected  of  being  Infected  are  examined). 

Before  culturing  solid  foodstuffs  (meat,  meat  products,  sausages, 
cheese,  etc.)  they  are  sterilized  with  a  red-hot  metal  spatula  or  knife 
and  samples  are  taken  from  within  the  material.  5-g  chunks  of  solid 
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foodstuffs,  taken  under  sterile  conditions,  are  crushed  in  a  sterile 
mortar  and  transferred  to  a  flask  containing  sterile  water  or  physio¬ 
logical  solution  (1:5  or  1:10).  When  meat  contains  tubular  bone  the 
marrow  is  extracted,  emulsified  in  heated  physiological  solution  (40- 
45*),  and  cultured  separately.  Any  lymph  glands  present  are  removed  and 
cultured  separately  on  differential  media  and  in  concentration  media. 

Samples  of  100-200  g  of  semiliquid  and  liquid  products  (sour  cream, 
melange,  milk,  etc.)  are  taken  after  careful  mixing  with  sterile  or 
flamed  spoons;  if  the  quantity  of  food  is  small  it  is  all  used.  The  ma¬ 
terial  to  be  cultured  is  drawn  off  in  graduated  pipettes.  Semiliquid 
products,  such  as  oil  and  margarine,  are  first  heated  to  40-45®. 

Fragments  of  f,ood  from  containers  and  scrapings  from  tables  where 
the  suspected  food  has  lain  are  collected  with  sterile  pads  wetted  in 
physiological  solution,  broth,  or  bile  broth. 

The  used  pads  are  Immersed  in  a  test-tube  containing  bile  broth 
or  a  concentration  medium  and  placed  in  a  heater  at  37°  for  3-4  hr. 

After  the  first  culturing  the  test-tubes  containing  the  washings 
are  again  placed  in  the  heater  for  18-20  hr  and  the  material  is  re¬ 
peatedly  cultures. 

After  appropriate  treatment  all  material  undergoing  bacteriologi¬ 
cal  examination  is  cultured  on  differential  media  and  a  concentration 
medium.  Subsequent  investigation  of  the  cultures  proceeds  in  the  same 
manner  as  in  identification  of  Salmonella  or  the  causative  agents  of 
typhoid  and  paratyphoid  A  and  B  (page  300). 

Bacteriological  examination  of  the  Salmonella  cultures  isolated 
ends  with  study  of  their  serological  properties. 

A  culture  is  identified  as  Salmonella  only  on  the  basis  of  its 
morphological,  cultural,  biochemical,  and  serological  characteristics. 

Widal's  reaction  can  be  used  as  a  secondary  method  for  the  labora- 
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tory  diagnosis  of  Salmonellosis  (see  the  sect  1..1  headed  "Typhoid  and 
Paratyphoid  A  and  B,"  page  305).  An  increase  ii  he  agglutinin  content 
of  the  blood  of  Salmonellosis  patients  Is  noted  on  about  the  5th  day  of 
Illness. 

Investigation  of  the  blood  for  detection  of  agglutinins  must  be 
carried  out  under  dynamic  conditions.  Diagnostic  sera  prepared  from 
paratyphoid  cultures,  live  (laboratory)  cultures,  autogenous  strains, 
and  0  and  H  monodiagnostic  sera  (separately)  are  used  in  the  Widal  re¬ 
action.  The  H  agglutinins  appear  in  the  blood  later. 

A;’ cc-lerated  methods  of  bacteriological  examination 

When  it  is  necessary  to  obtain  more  rapid  results  the  bacteriolog¬ 
ical  examination  can  be  conducted  by  an  accelerated  method.  Suspicious 
colonies  (which  have  a  clear  yellowlsh-red  form  on  Ploskirev's  agar,  a 
semitransparent  light -red  form  on  Endo's  medium,  a  semitransparent  blue 
form  on  Levin's  medium,  and  a  black  form  with  a  metallic  lustre  on  Wil- 
son-Blair's  medium)  are  cultured  In  a  test-tube  containing  broth  and 
then,  (after  3-4  hr)  transferred  to  agar  slants  and  a  short  composite 
series  (lactose,  glucose,  mannose,  maltose,  and  sucrose);  the  media  are 
preliminarily  heated  to  40-45°.  The  morphology  of  the  bacteria  Is  stud¬ 
ied  at  the  same  time. 

Moscow  Institute  lmenl  Mechnlkov  variant  of  method  for  accelerated 
bacteriological  diagnosis.  In  essence,  this  method  consists  in  utiliza¬ 
tion  of  selective  nutritive  media,  a  short  composite  series,  and  ad¬ 
sorbed  sera,  taking  Into  account  the  lability  and  morphology  of  the 
culture.  It  reduces  the  duration  of  the  analysis  by  one  day. 

Bacterial  colonies  suspected  of  belonging  to  the  Salmonella  group 
are  transferred  from  Ploskirev's  medium,  bacterial  agar  Zh,  or  bismuth 
sulfite  agar  to  a  short  composite  series  (Ressel 's  medium  or  lactose, 
glucose,  and  agar  slants)  and  graduates  containing  weakly  alkaline  semi- 
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liquid  (0.4£)  agar  fop  determination  of  their  lability. 

Cultures  with  the  biochemical  and  morphological  properties  typical 
of  Salmonella  are  subjected  to  rough  agglutination  on  slides  with  a 
mixture  of  Salmonella  sera.  This  mixture  consists  of  the  usual  paraty- 
phold  A,  paratyphoid  B,  Breslau,  Suipestifer,  and  Qertner  agglutinative 
sera  (1  ml  of  each  serum  in  20  ml  of  physiological  solution).  A  total 
of  l£  of  twlce-recrystallized  boric  acid  is  added  to  the  mixture  as  a 
preservative. 

Cultures  which  give  a  positive  agglutination  reaction  with  this 
mixture  of  paratyphoid  sera  are  first  tested  with  adsorbed  0  sera  to 
determine  their  serological  group  (A,  B,  C,  D,  or  E)  and  then  with  H 
sera  to  establish  the  species  of  bacterium. 

If  a  labile  culture  with  typical  biochemical  and  morphological 
characteristics  agglutinate  well  with  adsorbed  0  sera,  thus  establish¬ 
ing  its  serological  group,  and  with  the  H  sera  of  a  definite  species, 
the  result  is  positive. 

If  there  Is  any  ambiguity  in  the  results  yielded  by  the  accelera¬ 
ted  method  the  investigation  Is  continued  by  the  ordinary  method  des¬ 
cribed  above. 

This  technique  can  be  employed  only  for  examining  material  from 
patients  and  In  massive  work  during  epidemics.  Its  use  for  examination 
of  environmental  material  is  not  recommended,  since  atypical  cultures 
requiring  more  thorough  study  are  often  encountered  in  such  cases. 
Increasing  Phage -Tltre  React  ion 
Prof.  D.M.  Ool'dfarb 

Indicator  phege.  D.M.  Ool'dfarb,  Z.S.  Ostrovskaya,  and  V.N.  Kuz¬ 
netsova  isolated  this  phage  from  the  fecal  matter  of  monkeys  in  1959. 

It  is  passivated  in  S.  typhl  murium  strain  No.  573-  The  host  strain  has 
the  antigenic  structure:  01,  4;  HI,  2.  The  phage  is  thermostable  and  Is 
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TABLE  25 


Action  Spectrum  and  Specificity  of  Salmon- 
elk  Indicator  Phage 
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140 

134 
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1 

96.4 

l)  Culture;  2)  number  of  strains  tested;  3)  number  of  strains  lyzed;  4) 
number  of  strains  not  lyzed;  5}  percentage  of  cultures  lyzed;  6)  E. 
c  .1;  7)  paracolon  bacteria;  8)  Proteus  morganl;  9)  various  species  of 
d”  entery  bacteria;  10)  Salmonella  (except  S.  typhl  murium). 


not  Inactivated  by  heating  at  580  for  jO  min.  Negative  colonies  are 
large,  transparent,  clearly  delineated,  and  approximately  1  mm  In  dia¬ 
meter. 

This  phage  Is  highly  specific  (only  4. 9 £  of  nonpathogenlc  cultures 
react  with  It  on  solid  media;  see  Table  25). 

Strain  465  is  used  as  the  standard  culture  for  determination  of 
the  phage  concentration  In  the  final  stage  of  the  reaction. 

The  Indicator  phage  Is  easily  Isolated  In  this  strain;  the  free 
Intestinal  phages  detected  In  the  fecal  matter  of  healthy  persons  do 
not  react  with  it.  The  Salmonella  Indicator  phage  is  consequently  pas¬ 
sivated  In  one  strain,  while  another  phage  Is  used  as  the  standard  In 
the  Increasing  phage-tltre  reaction. 

BACTERIAL  DYSENTERY 
Prof.  Ye.D.  Ravich-Blrger 
Classification  of  Dysentery  Bacteria 

Bacterial  dysentery  has  several  causative  agents,  which  can  be 
distinguished  by  their  biological,  enzymatic,  and  serological  proper- 
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ties.  They  belong  to  the  family  Enterobect.rlaceae  and  the  genus  Shlg- 


ella. 

B^rpev's  classification  of  dysentery  bacteria  (1957): 

I.  Does  not  form  acid  from  mannose. 

A.  Does  not  form  acid  from  arabinose  or  rhamnose.  Does  not  pro- 

duce  indol. 

1.  Shigella  dy sente riae. 

4.  or  -  from  rhamnose;  indol+ 

B.  Forms  acid  from  arabinose ,  4-  or 

or  — . 

1.  Forms jacid  from  rhamnose.  Retarded,  irregular  formation 

of  acid  from  arabinose.  Produces  indol. 

I  2.  Shigella  schmitzii. 

2.  Does  not  form  acid  from  rhamnose.  Forms  acid  from  arabin¬ 
ose  slowly.  Does  not  produce  indol. 

3.  Shigella  arablnotarda 
fTateffP-Sachs  croup). 


II.  Forms  acid  from  mannose. 

A.  Does  not  form  acid  from  lactose. 

!.  Does  not  form  bold  from  rhamnose.  Usually  forms  aold  from 

zylose . 

4.  Shigella  boydii. 

2.  Forms' acid  from  rhamnose  irregularly.  Does  not  fon  old 
from  zylose  or  dulcitol.  Does  not  produce  trimethyla.r.ine 

from  oxytrimethylamine. 

5.  Shigella  flexnerl. 

3.  Forms  acid  from  dulcitol.  Produces  trimethylamine  from 
oxytrimethylamine . 

6.  Shigella  alkaieooens. 

B.  Retarded  formation  of  acid  from  lactose. 
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1.  Does  not  produce  Indol . 


2.  Produces  Indol. 


7.  Shigella  sonnel. 


8.  Shigella  dispar. 

The  current  classification  of  Shigella  Is  based  on  a  complex  of 
biological  and  serological  properties,  as  Is  reflected  in  the  classifi¬ 
cation  adopted  by  the  International  Commission  on  Bacterial  Nomencla¬ 
ture  (Table  26). 

The  temporary  Soviet  classification  of  1953,  set  up  by  the  Commlt- 
1.  -e  on  the  Nomenclature  of  Pathogenic  Microorganisms  of  the  Ministry  of 
'■  ubllc  Health  USSR,  was  accordingly  reviewed  in  i960  and  1‘  was  decided 
to  change  over  to  the  International  classification.  Certain  points  In 
the  International  system  are,  however,  disputable.  Thus,  for  example, 
we  cannot  agree  with  the  fact  that  there  Is  no  differentiation  among 
species  In  the  first  subgroup  (A),  which  comprises  bacteria  that  do  not 
decompose  mannose.  Sh.  grigoriewa -Shigae ,  Sh.  stutzeri-schmitzli,  and 
Sh.  large-sachsii  differ  so  widely  In  their  biochemical  and  especially 
their  serological  properties  that  they  cannot  be  designated  by  numbers 
alone,  like  the  types  of  Sh.  flexneri.  It  is  best  to  retain  the  species 
designations  of  these  bacteria. 

Objections  also  arise  when  we  consider  subgroupcB  and  C.  Type  6 
of  subgroup  B  Is  nonuniform:  It  includes  the  Newcastle,  Manchester, 
and  Boyd  88  bacteria,  which  are  biochemical  variants  of  the  same  sero¬ 
logical  species,  which  is  in  turn  closely  related  to  Flexner's  species. 
The  new  Soviet  classification  retains  these  variants  as  subspecies  of 
the  Newcastle  bacterium. 

The  International  classification  also  has  an  Independent  group  C, 
Sh.  boydli,  which  Soviet  researchers  feel  to  be  closely  related  genet¬ 
ically  to  the  Flexner  bacteria  and  similar  to  them  biologically  and 


TABLE  2 6 

International  Classification  of  Shigella 
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B.  Sonne-Duval,  B.  Kruie-Sonne. 

NCJUCMHO  JIIMTOSy 

v  Sh.  soitnti 

B.  dysenterlae  E.  B.  ceylonemls 

A)  Does  not  decompose  mannose;  B)  decomposes  mannose;  C)  decomposes 
mannose;  D)  decomposes  mannose  and  lactose,  the  latter  slowly.  1)  Sub¬ 
group;  2)  type  and  subtypes;  3)  prior  designations;  4)  Large-Sachs 
types;  5)  Endrus  and  Inmen  types;  6)  Boyd  type  103;  7)  type  R11Q  anu 
Rll9Kh;8)  Boyd;  9)  Manchester,  Newcastle,  and  Boyd  88  types;  10)  type 
170  Boyd;  11)  Dl;  12)  R274;  13)  R148;  14)  D19- 


serologically.  In  the  Soviet  classification  these  bacteria  are  included 
as  subspecies  of  the  Flexner  species  (see  Table  27). 

For  purposes  of  continuity  and  to  permit  an  understanding  of  data, 
abstracts,  and  scientific  papers  using  the  temporary  Soviet  classifica¬ 
tion  of  1953  we  must  compare  the  designations  of  the  subspecies  and 
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TABLE  27 

Soviet  Classification  of  Shigella,  Adopted  16  Jan¬ 
uary  1962  by  the  Committee  on  the  Nomenclature  of 
Pathogenic  Bacteria 
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1 )  It  Is  unclear  to  which  species  these  microor¬ 
ganisms  belong. 

2)  Lacking  type  antigens,  these  are  differentiated 
with  group  antigens. 

1)  Species;  2)  subspecies;  3)  type  antigen;  4)  subtype;  5)  do  not  de¬ 
compose  mannose;  6)  provisional;  7)  decompose  mannose;  8)  the  same;  9) 
decompose  lactose  slowly. 
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types  of  Shigella  employed  In  the  two  classifications. 

The  following  summary  presents  data  obtained  in  a  comparison  of 
Shigella. 

The  types  of  Sh.  large -Sachsii  correspond  to  the  following  mannose¬ 
negative  bacteria  described  by  E.M.  Novgorodskaya  and  O.A.  Semenova.* 

Type  3  corresponds  to  the  "Roman"  type. 

Type  4  corresponds  to  type  1618. 

Type  5  corresponds  to  type  819. 

Type  6  corresponds  to  the"Tyakht"  type. 

Type  7  corresponds  to  type  2435* 

In  the  Plexner  subspecies: 

Type  1  corresponds  to  type  f. 

Type  2  corresponds  to  types  c  and  b. 

(2a  and  2b) 

Type  3  corresponds  to  types  e  and  d. 

(3b  and  3var. ) 

Type  4  corresponds  to  type  a-  (Boyd  103). 

Type  5  corresponds  to  type  g  (Boyd  119). 

The  types  of  the  Boyd  subspecies  correspond  to  the  following  Boyd- 
Novgorodskaya  types : 

Type  1  corresponds  to  type  I. 

Type  2  corresponds  to  type  V. 

Type  4  corresponds  to  type  III. 

Type  5  corresponds  to  type  VII. 

Type  7  corresponds  to  type  II. 

Type  9  corresponds  to  type  IV. 

Type  12  corresponds  to  type  VI. 

The  following  are  the  principal  species  of  bacteria  commonly  recog¬ 
nized  as  the  causative  agents  of  bacterial  dysentery: 
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1.  Qrlgorlev-Shlga  bacterium  (Sh.  dysenterlae).  This  microorganism 
was  first  described  by  Grigoriev  In  1891  and  was  studied  In  detail  by 
Shiga  In  1898;  It  Is  a  clearly  defined  species  biochemically  and  anti- 
genlcally.  It  possesses  an  exotoxln.  The  most  severe  forms  of  the  di¬ 
sease  are  associated  with  this  species,  depending  on  the  etiological 
factor. 

2.  The  Stutzer-Schmltz  bacterium  (Sh.  Schmitz,  1917)  was  Isolated 
by  Stutzer  from  the  stools  of  dysentery  patients  In  a  prisoner-of-war 
camp  In  1917*  but  was  not  described  until  his  return  to  the  USSR  In 

i  0.  Schmitz  described  It  In  1917*  It  Is  encountered  rather  lnfrequent- 
(In  3-175t  of  Isolated  cultures),  usually  during  geographically  lim¬ 
ited  epidemics. 

3.  The  Large-Sachs  bacterium,  which  exhibits  delayed  decomposition 
of  arablnose,  was  Isolated  and  described  by  Large,  Sankara,  and  Sachs. 
Christensen  and  Gowan  (1944)  named  It  Sh.  arablnotarda  and  divided  It 
Into  two  varlatles,  A  and  B.  The  International  classification  now  recog¬ 
nizes  8  variants  of  this  bacterium. 

The  biological  properties  of  Sh.  large-Sachsii  are  similar  to 
those  of  Sh.  dysenterlae,  displaying  only  slight  variations  In  its  de¬ 
compositions  of  carbohydrates. 

4.  Flexner  bacteria  (Sh.  flexnerl).  These  microorganisms  are  the 
principal  representatives  of  the  dysentery  bacteria  which  decompose 
mannose.  They  do  not  form  an  exotoxln  and  are  consequently  referred 
to  as  the  nortoxogenlc  group  of  dysentery  bacteria.  Sh.  flexnerl  pro¬ 
duces  a  dysentery  with  a  course  which  ranges  from  severe  to  extremely 
mild.  It  is  at  present  the  most  common  causative  agent  of  dysentery 
throughout  the  entire  world. 

The  Soviet  classification  divides  these  bacteria  into  3  subspe¬ 
cies  -  Flexner,  Newcastle,  and  Boyd.  The  subspecies  differ  In  enzymatic 
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TABLE  28 

Antigenic  Structure  of 
Flexner  Bacteria 
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characteristics  and,  especially,  serological 
ly. 

The  true  Flexner  subspecies  decomposes 
maltose,  mannose,  glucose,  and  occasionally 
sucrose  and  sorbitol;  it  is  inactive  with 
respect  to  lactose,  zylose,  sallcin,  and 
adonitol  and  usually  does  not  form  hydrogen 
sulfide,  although  some  strains  produce  in- 
dol.  It  is  serologically  nonuniform,  con¬ 
sisting  of  several  (5)  serological  types 


1 )  Including  strain 
Boyd  103- 

2)  Corresponds  to 
strain  Boyd  R119. 

3)  Parentheses  indi¬ 
cate  "irregular- " 

A)  Type;  B)  subtype;  C) 
type  antigen;  D)  group 
antigens. 


with  different  type  antigens.  The  group  an¬ 
tigens  vary  slightly.  The  complex  of  group 
antigens  determines  the  subtype  to  which 
the  bacterium  belongs  in  the  international 
classification  (Table  28). 

The  Newcastle  subspecies  is  divided 


into  3  varieties,  in  accordance  with  biochemical  properties:  the  New¬ 


castle  bacterium,  the  Denton-Manchester  bacterium,  and  strain  Boyd  88. 
These  varieties  differ  from  one  another  in  biochemical  properties,  but 
are  serologically  uniform  (Table  29). 


TABLE  29 

Biochemical  Properties  of  Cultures  of  Sh. 
Newcastle 
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1)  Type;  2)  decomposition  of  carbohydrates;  3)  glucose;  4)  mannose; 

5)  dulcitol ;  6)  formation  of  gas;  7)  Newcastle;  8)  Boyd  88;  9)  Dent  on - 
Manchester;  10)  on  5th  day). 
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The  Boyd  subspecies  wns  first  described  in  the  Soviet  Union  by 
E.M.  Novgorodskaya  and  It  Is  consequently  referred  to  in  the  temporary 


Soviet  classification  (1953)  as  the  "Boyd -Novgorodskaya  subspecies." 

By  decision  of  the  Nomenclature  Committee  on  15  January  1962,  this 
variety  was  renamed  the  "Boyd  subspecies." 

5.  Sonne  bacteria  (Sh.  sonnei)  were  first  described  by  Duval, 
Kruse,  and  Castellanl  under  different  names.  In  1915  they  were  studied 
in  detail  and  described  by  Sonne. 

An  unusual  property  of  Sh.  sonnei  is  its  ability  to  grow  in  colon- 
■  j  of  two  types,  round  and  flat  (Fig.  27).  Both  forms  are  unstable  and 
e  sily  break  down  on  reculturing  (Table  30). 


Fig.  27.  Two  types  of  Sh.  sonnei  colon¬ 
ies.  x20. 


Morphology  and  biology  of  dysentery  bacteria;  cultural  characteristics 
All  dysentery  bacteria  are  gram-negative,  nonlabile  rods  2-3  p, 
long  and  0.6  p  wide.  They  multiply  readily  on  ordinary  nutritive  media 
at  an  optimum  temperature  of  37°.  They  are  all  aerobes  and  facultative 
anaerobes,  forming  delicate,  semitransparent  colonies  on  agar.  Except 
for  Sh.  sonnei,  dysentery  jicterla  do  not  ferment  lactose;  except  for 
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Sh.  Newcastle,  they  do  not  produce  gas  In  media  containing  carbohydrates 
(Table  30). 

Laboratory  Diagnosis  of  Dysentery 

Bacteriological  examination  for  detection  of  dysentery  bacteria 
can  be  conducted  for  the  following  purposes: 

1)  diagnosis  of  disease; 

2)  epidemiological  monitoring  of  convalescence  to  detect  bacteria 
carriers; 

3)  detection  of  persons  (especially  in  collectives)  suspected  of 
having  chronic  dysentery; 

4)  detection  of  persons  suspected  of  being  the  source  of  infection 
in  epidemics; 

5)  examination  of  workers  in  the  food  industry,  the  commercial 
distribution  network,  food-preparation  units,  pediatric  institutions, 
etc. ; 

6)  detection  of  dysentery  bacteria  in  foodstuffs  on  special  as¬ 
signment. 

Each  of  these  tasks  has  its  specific  conditions.  Thus,  a  single 
diagnostic  examination  yields  a  satisfactory  percentage  of  positive  re¬ 
sults  only  during  the  first  few  days  of  illness,  provided  that  the  sam¬ 
ples  are  taken  before  treatment  begins.  Investigations  carried  out  after 
the  3rd  day  of  illness,  especially  when  drugs  have  been  taken,  often 
yield  negative  results  and  it  is  only  by  repeated  testing  that  the 
pathogenic  bacteria  can  sometimes  be  Isolated. 

During  epidemics  tho  excreta  of  patients  in  therapeutic  institu¬ 
tions  must,  in  accordance  with  tha  instructions  of  public  health  groups, 
be  repeated  until  negative  results  have  been  obtained  on  three  occasion;. 

In  accordance  with  paragrapns  4  and  5  of  the  epidemiological  in¬ 
structions,  individual  examinations  must  take  into  account  the  subject's 
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i.«ruslerlst  lea  cf  D>..entery  !  i  •ter!  i 


•  e  :  1.  Mire  ttiar.  uK  hr;  .’)  slightly  redd*.  h  •:  •')  'ype  12;  •• ) 

v r •  6:  *  Indicates  that  net  all  typer  or  culture.  exh'.n !  t  the  auarac- 
.»  !c“ln  qu^r-tlon;  7  Indicator,  that  the  a  t  ty  ■■  c  .Haros  do  not 
rpi_;;e  the  substance  In  question. 

.  ;tcsi  7)  lability}  3)  Oran  staining;  U)  -I.*.;  q.o'sl.r;  b)  a  lt.nl  • 

•  .  :  l  )  arablr.o-.e:  7)  glycerine;  r.l  glucose;  •«)  i..lc2t  ,  ;  1")  Incite!; 
.1  .yl.se;  17)  lactose;  Is)  maltose;  la)  n-ar.r.t  .<• ;  la)  rhamnuso ;  lo) 

.1  : 1  ;  27)  .ucr.-.e:  IS)  sorbitol;  l'<)  gelatin;  0)  u:v  a;  '’l)  lysine; 

)  / ‘.atomic  acid;  .23)  litmus  serum;  J- )  furs  <•  1  .r. :  ■:•)  Ir.Joi  ;  H)  hy- 
■r  gc’r  s.ulflde;  .'/)  gas;  2t3)  citrate  u>  1  llzat  1  ..r; ;  c'j)  live  -Fi.sXauer 
r  :tl.,n;  >C)  methyl  red  reac'lcn;  11)  aggl  ut  '.rat  lor  .•Hr.  era;  i:) 
rlg^rlev-Shlga :  ;3)  lit  at  ;e  r-Jchr.lt  d  ;  !•• )  lrr.  ••- It  ;h  • .  >•.)  Klcxner:  36) 
;j..t  le ;  37)  I'oyd;  38)  Jonr.e ;  39)  subgr  up  A;  *0)  ..jlvr.up  p;  M  1 
V..xner  subspeeles;  *12)  Newcastle  subspecies;  fcj)  Boyd  subspecies;  ttb ) 
sp  C. 


•  Inlcal  eondltlor..  A  single  examination  Is  prrr.1  slblo  only  1'or  absu- 

ly  nealthy  persons  who  have  never  has  an  a  ;■<•••  gaoti'i  Intestinal  II- 
.  e.  A  single  examination  Is  not  sufficient  when  any  Intestinal  symp- 

•  r.s  'Irregular  stool,  colitis,  enterocolitis,  o*e.)  are  pre.er’  ,  ever. 
H  it  yields  negative  result...  The  number  of  hacterl  t  Isolated  from 

.  .i.  persons  may  at  times  be  very  small,  but  this  Is  usual  1‘  a  variable 
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quantity.  A  single  examination  consequently  cannot  reveal  persons  suf¬ 
fering  from  chronic  dysentery  or  bacteria  carriers. 

Material  for  examination;  taking  of  samples 

Since  dysentery  bacteria  are  localized  primarily  in  the  small  in¬ 
testine,  the  feces  (the  Intestinal  contents  in  studying  corpses)  are 
the  principal  material  for  examination  for  dysentery.  In  collecting  fe¬ 
ces  it  must  be  kept  in  mind  that;  1)  the  bacteria  are  found  principally, 
in  mucous  and  pus,  so  that  it  is  necessary  to  select  fragments  contain¬ 
ing  mucous  and  pus  (but  never  blood);  2)  the  first  fecal  portions  are 
the  plug  from  the  ampulla  recti  and  the  bacteria  in  them  may  have  died, 
so  that  it  is  necessary  to  collect  .he  following  portions,  which  come 
from  the  upper  area  of  the  rectum  and  the  sygmoid  colon.  The  last,  flu¬ 
id  portions  should  not,  however,  be  collected,  especially  after  a  laxa¬ 
tive  has  been  given,  since  they  are  the  contents  of  the  lower  segment 
of  the  small  intestine.  They  are  of  Interest  only  when  there  is  a  sus¬ 
picion  of  an  ulcer  in  the  upper  portions  of  the  large  intestine  or  the 
lower  region  of  the  small  Intestine. 

Feces  can  be  collected  without  waiting  for  defecation  by  using  a 
cotton  pad  or  rectal  tube.  The  latter  is  a  glass  tube  ranging  in  dia¬ 
meter  from  5  mm  (for  children)  to  15  mm  (for  adults)  and  approximately 
150  mm  in  length.  Its  lower  end  is  hermetically  sealed,  like  a  test- 
tube.  At  a  distance  of  15-20  mm  from  the  sealed  end  are  two  holes  in 
opposite  walls  of  the  tube  (one  slightly  below  the  other).  The  open  end 
is  sealed  with  cotton  and  the  tube  is  Inserted  into  a  test-tube  through 
a  cotton  plug  and  sterilized  in  this  form.  The  tube  is  introduced  as 
far  as  possible  into  the  rectum;  it  is  sufficiently  wide  thai  it  touch¬ 
es  the  intestinal  walls  and,  when  it  is  withdrawn,  material  from  the 
upper  portion  of  the  rectum  collects  in  the  blunt  end. 

It  is  also  convenient  to  use  ordinary  open  glass  tubes  with  one 
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end  sealed.  A  cotton  plug  Is  Inserted  Into  one  end,  while  the  other  is 
Inserted  Into  a  test-tube  through  a  cotton  stopper.  The  tube  and  test- 
tube  are  then  sterilized  together.  Such  tubes  are  very  convenient  for 
collecting  material  from  chamber-pots,  diapers,  and  the  rectums  of 
.-.mall  children. 

In  large-scale  examinations  for  dysentery  collection  of  material 
Is  facilitated  by  using  gauze  pads  held  In  forceps.  Previously  prepared 
gauze  pads  are  sterilized  In  small  boxes  In  an  autoclave.  Three  pairs 
of  forceps  are  oiled  In  a  sterilizer;  one  is  used  to  collect  material, 

;•  second  is  left  to  cool,  and  the  third  is  kept  boiling.  A  gauze  pad 
1  •:  picked  up  from  the  box  with  the  sterile  forceps,  the  catch  of  the 
latter  Is  fastened,  and  the  pad  Is  inserted  as  far  as  possible  into  the 
rectum.  It  Is  then  withdrawn,  attempting  to  touch  the  intestinal  wall 
with  it  and  thus  to  collect  mucous.  Dishes  can  immediately  be  inocula¬ 
ted  with  material  from  the  pad  or  it  can  be  placed  in  preservative  in 
a  test-tube  (or,  still  better,  a  penicillin  flask)  for  culturing  at  the 
laboratory. 

Fecal  matter  can  be  dried  by  applying  drops  of  t.he  material  to  a 
small  (1.5-2  x  4-5  cm)  piece  of  filter  paper.  The  filter  paper  is  then 
air-dried  and  wrapped  in  black  paper  for  storage.  Dysentery  bacteria 
retain  their  viability  for  from  6  to  35  days  under  these  conditions. 

For  culturing  the  filter  paper  is  Inserted  into  a  test-tube  containing 
broth  or  a  concentration  medium  and  placed  in  a  heater.  After  18-20  hr 
differential  media  are  Inoculated  with  2  or  3  drops  of  the  resultant  so¬ 
lution.  It  is  also  possible  to  flood  the  filter  paper  with  1-2  ml  of 
physiological  solution  and  then  to  culture  2  or  3  drops  after  1-2  hr. 

Examination  of  the  patient  by  rectoromanoscopy  makes  it  possible 
to  collect  cultural  material  directly  from  the  affected  areas  of  the 
mucosa.  Mucous  is  gathered  from  the  intestinal  wall  through  the  recto- 
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scope,  using  a  cotton  pad  on  a  long  wire.  Cultures  can  be  made  immed¬ 
iately  or  the  pad  can  be  removed  and  placed  in  preservative. 

The  blood  and  urine  are  usually  not  cultured,  since  bacteria  are 
rarely  found  in  them. 

The  organs  of  cadavers  (intestines,  mesenteric  glands,  and  paren¬ 
chymatous  organs)  must  be  examined  as  soon  after  death  as  possible.  The 
usual  procedure  is  followed,  first  taking  pieces  from  the  liver,  spleen, 
and  glands  and  then  dissecting  the  intestines. 

Foodstuffs,  especially  milk  products  (pot  cheese,  sour  cream),  are 
examined  when  an  epidemic  occurs.  Samples  are  taken  in  the  usual  manner; 
25-30  ml  of  milk  and  several  grams  of  otha?  milk  products  are  sufficient 
for  bacteriological  examination. 

Products  of  this  type  are  collected  in  heat-sterilized  glass  ves¬ 
sels,  which  are  tightly  stoppered  and  tied  with  string;  the  vessels 
should  contain  no  traces  of  disinfectants. 

Rectal  tubes  and  pads  should  be  inserted  through  cotton  stoppers 
Into  test-tubes  filled  1/3  full  with  a  preservative. 

The  use  of  a  preservative  for  feces  from  dysentery  patients  is 
dictated  by  the  rapid  death  of  dysentery  bacteria  in  native  fecal  mat¬ 
ter.  The  acid  reaction  of  old  feces  and  the  presence  of  numerous  other 
microorganisms,  both  symbiotic  and  occasionally  antagonistic,  have  a 
destructive  action  on  the  rather  unstable  dysentery  bacteria.  The  pre¬ 
servative  should  give  the  sample  a  neutral  reaction  and  prevent  multi¬ 
plication  of  saprophytes.  Nevertheless,  direct  culturing  of  feces 
yields  better  results  than  culturir.j  from  a  preservative,  provided  that 
one  basic  rule  is  observed;  the  period  between  taking  of  the  sample  and 

v 

culturing  should  be  as  short  as  possible.  The  greatest  number  of  posi¬ 
tive  results  is  obtained  when  the  material  is  processed  at  the  patient's 
bedside.  When  feces  are  sent  to  the  laboratory  the  time  before  culturing 
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should  not  exceed  2  hr.  If  this  requirement  cannot  be  met  It  is  neces¬ 
sary  to  use  preservatives.  The  feces  of  ambulatory  patients  must  be 
stored  In  preservative. 

Among  the  many  preservatives  for  dysentery  bacteria  T’ge's  glycer¬ 
ine  solution  (see  page  392)  has  received  deserved  recognition  and  come 
into  wide  use.  Zack's  modification  of  this  glycerine  mixture  (page  392) 
can  also  be  employed.  Formalin  In  a  dose  such  that  its  final  concentra¬ 
tion  Is  lsl0,000  can  be  added  to  the  glycerine  mixture  to  inactivate 
any  bacteriophage  present  in  the  feces. 

In  addi  ■  n  to  the  aforementioned  glycerine  mixture,  a  buffered 
.  j.utlon  .f  phosphate  salts  at  pH  7*6  gives  satisfactory  results. 

Test-tubes  or  otte1  vessels  are  filled  2/3  full  with  the  preserva¬ 
tive,  the  material  to  be  studied  occupying  the  remaining  1/3* 

If  the  material  cannot  be  processed  immediately  it  must  be  stored 
in  preservative  at  2-6°  (In  a  refrigerator)]  culturing  can  be  delayed 
for  12-24  hr  under  these  conditions. 

Bacteriological  examination 

The  results  of  examinations  for  dysentery  are  determined  both  by 
correct  taking  of  samples  and  by  careful  observation  cf  the  techniques 
for  laboratory  processing. 

The  patient's  feces  can  be  cultured  directly  in  his  room  or  In  the 
hospital  laboratory,  without  a  preservative. 

During  the  first  day  of  the  Investigation  a  platinum  loop  is  used 
to  take  pieces  of  mucous  from  the  pussy,  mucoid,  or  blood  portions  of 
she  feces;  these  are  carefully  washed  with  physiological  solution  In 
two  successive  Petri  dishes  or  2-3  successive  test-tubes.  The  mucous  is 
then  transferred  to  a  medium  in  a  Petri  dish  with  the  same  platinum 
loop  and  spread  with  a  glass  spatula,  wnich  Is  then  (without  flaming) 
used  to  make  cultures  on  a  second  and  third  dish. 
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Since  the  chance  of  a  positive  result  increases  with  the  quantity 
of  Initial  material,  many  laboratories  now  make  the  initial  culture  by 
a  method  similar  to  that  used  ftr  culturing  water.  A  piece  c f  mucous  is 
rubbed  into  a  limited  area  of  the  surface  of  the  medium.  The  spatula  is 
then  removed  from  the  agar  and  (without  flaming)  used  to  smear  the  re¬ 
mainder  of  the  material  over  the  rest  of  the  dish.  New  material  is  taken 
for  a  second  and,  if  possible,  a  third  dish.  When  the  experimenter  ac¬ 
quires  a  certain  skill  and  does  not  apply  too  large  a  drop  to  the  dish, 
separate  colonies  grow  over  the  entire  surface  of  the  medium,  as  well  as 
in  the  area  initially  inoculated. 

It  is  sometimes  difficult  for  technical  reasons  to  culture  the  maJ  1 
terial  immediately  on  2  or  3  dishes.  A  culture  is  then  made  on  one  dish 
on  the  first  day  and  the  remainder  of  the  material  is  stored  in  preserva 
tlve  in  a  refrigerator  until  the  following  day.  On  the  second  day  all 
samples  which  yielded  negative  results  in  their  first  culturing  are  re¬ 
cultured  on  one  or  2  dishes. 

Feces  which  contain  no  pieces  of  mucous  or  pus  (small  pisiform 
fragments)  are  mixed  with  5-10  ml  of  physiological  solution  and  this 
suspension  Is  cultured  on  dishes  in  the  manner  described  above. 

For  feces  which  have  been  stored  in  preservative  any  pieces  of  mu¬ 
cous  or  pus  are  removed  and  cultured  by  one  of  the  methods  described 
above,  without  washing.  If  there  is  no  mucous  or  pus  a  drop  of  the  pre¬ 
servative  emulsion  is  applied  to  the  surface  of  the  medium. 

Sectioned  material  and  solid  foodstuffs  are  ground  in  a  sterile 
mortar,  with  sterile  sand  if  necessary,  and  suspended  in 'physiological 
solution  in  a  ratio  of  1:5  or  1:10.  Dishes  are  inoculated  with  0.1  ml 
portions  of  this  suspension  by  the  usual  method.  Milk  and  other  liquid 
products  are  cultured  undiluted. 

The  Inoculated  dishes  are  placed  in  a  heater  at  37°  for  18-24  hr. 
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Various  colored  differential  media  can  be  used  for  detection  of 
dysentery  bacteria.  The  best  of  these  are:  l)  selective  media  contain¬ 
ing  bile  salts  and  other  reagents  which  suppress  the  growth  of  the  con¬ 
comitant  microflora:  Ploskirev's  bacterial  agar,  cholic  citrate  medium, 
cholic  biosulfate-citrate  medium  (following  I.S.  01 'kenitskiy 's  formula), 
and  other  media  of  this  type;  2)  Levin's  medium  containing  methylene 
blue  and  eosin;  3)  Liberman  and  Assel's  medium  containing  Congo  red, 
in  its  original  form  or  in  Chandelet 's  modification;  4)  bromcresol  pur¬ 
ple  medium. 

The  existence  of  a  large  number  of  dysentery  bacteria  resistant  to 
trj  most  common  antibiotics  (synthomycetin  and  levomycetin)  has  led  to 
the  notion  of  adding  synthomycetin  to  the  nutritive  media  used  for  iso¬ 
lation  of  these  bacteria  (A.B.  Chernomordlk,  P.S.  Kobelev,  and  A.D.  Ko¬ 
valenko;  Ye.V.  Dianova).  Such  media  increase  the  culturability  of  dy¬ 
sentery  bacteria,  promoting  the  growth  of  resistant  forms,  particularly 
those  unaffected  by  synthomycetin  and  its  derivatives. 

Since  Sh.  Grigoriewa-shlgae 'grows  poorly  or  not  at  all  on  selec¬ 
tive  media,  it  is  recommended  that  feces  and  other  material  be  cul¬ 
tured  on  2  dishes,  one  containing  deoxycholate-citrate  agar  (Ploskirev) 
and  the  other  containing  Levin's  medium,  Liberman -Assel 's  medium,  etc. 

The  use  of  a  pair  of  differential  media  is  generally  to  be  recommended, 
since  every  medium  has  its  drawbacks,  which  are  nullified  by  the  use  of 
two  media. 

As  is  customary  for  detection  of  Salmonella,  use  of  a  concentra¬ 
tion  medium  or,  as  it  is  still  called,  a  cumulative  medium  is  to  be 
recommended  in  examinations  intended  to  detect  persons  carrying  dysen¬ 
tery  bacteria.  The  selection  of  a  medium  of  this  type  for  Shigella  pre¬ 
sents  substantial  difficulties,  since  these  microorganisms  have  a  sub¬ 
stantially  lower  viability  than  Salmonella  or  other  members  of  the  co- 
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Ion  family.  Bile  or  bile  salts  in  combination  with  citrates  are  appar¬ 
ently  obligatory  components  of  such  a  medium.  Satisfactory  results  are 
yielded  by  bile  broth  (20-4o£)  and  by  Kaufman's  concentration  medium 
with  bile  and  brilliant  green  added.  One  advantage  of  these  media  is 
the  fact  that  they  are  capable  of  concentrating  Salmonella  and  Escheri¬ 
chia  as  well  3 s  Shigella.  Shigella  cultures  on  such  media  should  be  in¬ 
cubated  in  a  heater  for  no  more  than  20  hr  (16-18  hr  is  best)  or  kept 
at  room  temperature.  Prolonged  incubation  promotes  copious  growth  of 
E.  coli  and  Proteus. 

On  the  second  day  the  Petri  dishes  are  removed  from  the  heater  and 
the  cultures  are  examined  with  the  unaided  eye  and  then  with  a  magnify¬ 
ing  glass  (7  or  1C  power),  so  as  not  to  overlook  any  small  colonies. 
Almost  all  pathogenic  bacteria  of  the  cnliform  group  grow  in  round,  col¬ 
orless,  transparent  colonies  on  the  majority  of  colored  media;  certain 
Salmonella  produce  cloudy  colonies.  Sh.  sonnei  can  be  recognized  from 
the  characteristic  growth  of  two  types  of  colonies,  one  of  which  is 
flat  and  has  smooth  margins,  while  the  other  is  round,  convex,  and  has 
a  moist  lustre  (see  Pig.  27).  Some  authors  attribute  this  difference  to 
dissociation  and  regard  the  flat  colonies  as  rough  and  the  round  colon¬ 
ies  as  smooth.  Bacteria  from  the  smooth  colonies  do  not,  however,  go 
out  of  suspension  spontaneously,  have  antigenic  and  immunogenic  proper¬ 
ties,  and  are  rather  distinct  serologically,  i.e.,  do  not  have  the  ba¬ 
sic  characteristics  of  rough  forms. 

Rough  colonies  of  any  species  of  bacteria  have  the  same  character¬ 
istics:  they  are  small  and  broad,  have  serrate  margins  and  an  irregular 
surface,  and  appear  cloudy  but  are  colorless.  3acteria  isolated  from 
such  colonies  precipitate  when  suspended  in  physiological  solution,  art- 
agglutinated  by  trypaflavin  solution  (1:500  in  0.5#  saline  solution), 
and  exhibit  no  specificity  in  agglutinative  sera,  being  agglutinated  by 
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heterologous  sera  (serological  cosmopolitanism). 

Suspected  colonies  are  transferred  to  a  short  composite  series  con¬ 
sisting  of  agar  slants  and  Hiss'  medium  containing  lactose  and  glucose 
(with  floats  in  the  test-tubes).  If  facilities  are  available  and  the 
colonies  have  not  all  been  used  for  culturing,  rough  agglutination  can 
be  carried  out  on  slides  with  a  mixture  of  Flexner  and  Shiga  sera  or  of 
Stutzer-Schmitz  and  Boyd  sera.  The  drops  are  then  permitted  to  dry  and 
the  smears  are  fixed  and  stained  by  Gram's  method. 

Many  authors  successfully  use  Ressel's  medium  (see  Appendix)  ln- 
sr..:ud  of  the  short  composite  series. 

More  complex  combinations  are  now  employed  Instead  of  Ressel's  me¬ 
dium  for  culturing  colonies:  a)  slants  (Ye.D.  Ravich-Birger  and  V.N. 
Meshalova's  medium);  b)  triple  media  (Chernomordlk 's  medium,  Roland's 
modification  of  Gain's  medium)  etc. 

All  these  media  are  Intended  to  combine  indications  of  the  various 
enzymatic  systems  of  the  bacterium  In  a  single  test-tube. 

Several  colonies  (5-10)  are  transferred  from  each  dish.  Not  all 
the  suspected  cultures  isolated  need  be  studied,  one  or  two  being  re¬ 
tained  until  the  end  of  the  investigation,  for  use  If  the  cultures  In¬ 
vestigated  must  be  discarded. 

The  cultures  are  kept  In  a  heater  at  37°  until  the  following  day. 

On  the  third  day  the  data  obtained  makes  It  possible  to  get  some 
Idea  of  the  results.  If  media  containing  lactose  are  greatly  altered 
during  the  first  few  days  as  a  result  of  fermentation  the  culture  can 
be  discarded  as  nonpathogenlc .  If  all  the  cultures  isolated  ferment 
lactose  during  the  first  few  days  the  examination  Is  discontinued  as 
having  yielded  a  negative  result.  The  same  Is  true  of  cultures  which 
decompose  urea,  a  compound  usually  not  broken  down  by  the  pathogenic 
members  of  the  conform  family.  Strains  which  do  not  affect  media  con- 
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talnlng  lactose  and  do  not  decompose  urea  are  studied  morphologically 
In  Oram-stained  preparations  and  examined  for  mobility  In  hanging  drops. 
If  the  morphology  of  the  culture  does  not  correspond  to  that  of  gram¬ 
negative  bacteria  the  result  Is  negative. 

Cultures  which  do  not  decompose  urea,  ferment  lactose  to  some  ex¬ 
tent,  and  do  not  form  gas  In  glucose-containing  media  are  subjected  to 
further  study  (Sonne  bacteria).  Cultures  which  ferment  glucose  to  pro¬ 
duce  a  gas  and  alter  lactose-containing  media  belong  to  the  genus  Es¬ 
cherichia,  those  which  decompose  urea  belong  to  the  genus  Proteus,  etc. 

Mobile  gram-negative  rods  which  do  not  break  down  lactose  but  fer¬ 
ment  glucose  to  form  a  gas  are  suspected  of  being  Salmonella. 

Mobile  gram-negative  rods  which  do  not  ferment  lactose  but  decom¬ 
pose  glucose  without  gas  formation  are  suspected  of  being  S.  typhi. 

Nonlabile  gram-negative  rods  which  do  not  decompose  urea,  do  not 
ferment  lactose,  and  break  down  glucose  without  gas  formation  are  sus¬ 
pected  of  being  Shigella. 

All  suspicious  strains  can  be  checked  by  rough  agglutination  on 
slides  with  the  corresponding  nonadsorbed  specific  sera  in  dilutions  of 
1:25  and  1:50-  The  occurrence  or  nonoccurrence  of  agglutination  does 
not,  however,  resolve  the  question  of  the  species  to  which  the  culture 
belongs  and  should  be  regarded  as  a  guideline.  The  first  generations  of 
freshly  isolated  cultures  often  agglutinate  poorly.  At  the  same  time, 
cultures  in  the  transitional  or  rough  phage  may  easily  be  agglutinated 
at  high  tltres  by  heterologous  sera. 

Cultures  selected  as  suspicious  are  transplanted  to  agar  slants. 
Test-tubes  containing  mannose,  maltose,  and  sucrose  (as  well  as  rharn- 
nose,  dulcltol,  and  arabinose  if  possible)  are  added  to  a  short  series 
of  Hiss  media.  The  tubes  containing  lactose  and  glucose  are  retained 
from  the  preceding  day.  Cultures  are  also  made  in  tubes  containing  sim- 


pie  Hottlnger's  (tryptophan)  broth  and  1#  peptone  water  for  determina¬ 
tion  of  lndol  and  hydrogen  sulfide  formation  (see  page  393)* 

Investigation  of  the  sucrolytlc  capacity  of  the  culture  can  be  car 
rled  out  more  rapidly  and  compactly  In  a  Petri  dish.  Simple  agar  Is  In¬ 
oculated  with  a  heavy  growth  of  the  culture.  The  Indicator-containing 
agar  Is  divided  Into  4-6  segments  and  a  disk  of  filter  paper  wetted  In 
a  30#  carbohydrate  solution  Is  applied  to  each  of  them  (Luce,  Peter¬ 
sen  and  Rustum). 

Ordinary  agar  containing  bromcresol  purple  can  be  used,  lmpregnat- 
the  pieces  of  filter  paper  with  0.03-0.05  ml  (one  drop)  of  a  20# 
c\ rbohydrate  solution.  After  the  bacterial  growth  has  been  transferred 
the  pieces  of  filter  paper  are  placed  on  the  dish  and  a  thin  layer  of 
simple  agar  Is  poured  over  It  to  remove  all  gases  (B.V.  Karal 'nlk  and 
A. I.  Kharitonova,  A.  Lentsner). 

All  the  cultures  are  kept  In  a  heater  at  37°  overnight. 

On  the  third  day  of  the  Investigation,  l.e.,  48  hr  after  culturing 
a  preliminary  evaluation  can  be  made  on  the  basis  of  the  morphology  of 
the  colonies  and  cells,  the  biochemical  activity  of  the  bacteria  In  the 
short  composite  series,  and  the  results  of  the  rough  agglutination  on 
slides . 

On  the  fourth  day  the  growths  In  all  the  test-tubes  are  examined. 
Utilizing  the  data  yielded  by  the  composite  series  and  the  roqgh  agglu¬ 
tination,  an  agglutination  reaction  is  set  up  with  various  dilutions  of 
homologous  serum  (the  expanded  agglutination  reaction).  Since  the  ag¬ 
glutination  of  dysentery  bacteria  Is  somatic  In  character,  the  test- 
tubes  are  placed  In  a  heater  at  37°  for  18-20  hr  or  In  a  water  bath  at 
55°  for  4  hr. 

The  sera  used  to  Identify  the  cultures  isolated  should  be  of  suf¬ 
ficiently  h-gh  quality.  In  normal  work  It  Is  necessary  to  have  avall- 
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able  the  following  set  of  sera:  l)  Flexner  specific  agglutinative  serum. 
Including  all  serological  types  and  adsorbed  Flexner  type  (monoreceptor) 
sera;  2)  Newcastle  serum;  3)  Boyd  serum  and  adsorbed  Boyd  type  sera;  4) 
Shiga  serum;  5)  Stutzer-Schmitz  serum;  6)  Sonne  serum  to  agglutinate 
both  the  rcund  and  flat  types. 

This  set  of  sera  makes  it  possible  to  determine  the  species  and 
type  of  the  cultures  isolated.  Type  is  determined  for  cultures  of  Sh. 
large-sachsii  and  the  Flexner  and  Boyd  subspecies.  It  is  helpful  to  use 
mixtures  of  sera  for  different  species  (no  more  than  4  sera  per  mixture) 
for  ar  initial  orientation.  The  reaction  is  carried  out  on  slides  and  a 
positive  result  is  checked  by  expanded  agglutination  with  each  compon¬ 
ent  of  the  mixture. 

The  type  of  the  culture  is  determined  with  adsorbed  sera  on  slides. 
Drops  of  the  monoreceptor  sera,  which  are  diluted  to  the  requisite  titre 
when  prepared,  are  applied  to  slides.  Some  of  the  culture  is  introduced 
into  each  drop  with  a  platinum  loop  and  the  two  are  mixed  until  a  uni¬ 
form  cloudiness  to  obtained.  A  fresh  portion  of  culture  is  used  for  each 
serum  and  U**  loi  named  after  each  use. 

A  catalase  Unit  cun  be  conducted  on  the  same  day;  this  test  yields 
a  positive  result  with  all  dysentery  bacteria  except  Sh.  grigoriewa- 
shlgae.  A  drop  of  hydrogen  peroxide  is  applied  to  a  slide  and  a  glass 
rod  (sealed  Pasteur  pipette)  is  used  to  stir  in  a  bit  of  a  day-old  agar 
culture.  A  positive  reaction  is  Indicated  by  the  appearance  of  gas  bub¬ 
bles  in  the  drop. 

The  fifth  day  is  the  day  on  which  a  final  decision  is  reached  re¬ 
garding  the  nature  of  the  culture  and  a  report  is  made.  The  composite 
series  is  examined  and  delayed  fermentation  is  noted.  Indol  formation 
is  determined  by  Ehrlich's  method  in  the  two-day  broth  culture  and  hy¬ 
drogen  sulfide  formation  Is  noted. 
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The  latter  two  tests  are  conclusive  when  a  number  of  conditions 
are  observed.  Determination  of  indol  formation  with  paper  Impregnated 
with  oxalic  acid  Is  not  a  sufficiently  sensitive  method  and  Is  permis¬ 
sible  when  only  a  rough  evaluation  Is  needed.  Ehrlich's  method  and  Ehr¬ 
lich's  reagent  or  paper  wetted  In  modified  Ehrlich's  reagent  must  be 
employed  for  more  precise  determination. 

For  determination  of  hydrogen  sulfide  formation  cultures  must  be 
made  In  1 %  peptone  water  or  by  the  stab  method  In  media  containing  Iron 
salts.  Such  media  Include  Chernomordlk 's  Iron-citrate  medium  and  Chrls- 
-nsen's  medium. 

Finally,  the  agglutination  reaction  is  evaluated.  Because  of  the 
fine-grained  character  of  the  agglutination,  reactions  Involving  dysen¬ 
tery  bacteria  must  be  evaluated  with  an  agglutinoscope  or  a  magnifying 
glass.  Identification  of  the  cultures  Isolated  presents  no  difficulties 
if  their  biological  and  serological  properties  conform  to  the  charac¬ 
teristics  of  one  of  the  species  of  Shigella  (see  Table  30). 

Freshly  isolated  cultures  do  not,  however,  always  correspond  to 
this  scheme  in  all  their  properties.  Cultures  which  differ  in  one  given 
characteristic  are  often  wholly  pathogenic  and  epidemlologically  dan¬ 
gerous.  When  cultures  which  are  not  wholly  typical  are  isolated  an  at¬ 
tempt  should  consequently  be  made  to  determine  their  true  nature.  This 
Is  made  even  more  Important  by  the  fact  that  widely  employed  antibio¬ 
tics  and  sulfanllamides  act  on  the  intestinal  flora  In  a  manner  which 
promotes  variability  of  both  pathogenic  and  saprophytic  bacteria.  No 
less  significant  a  factor  In  this  variability  Is  the  use  of  selective 
media,  which  undoubtedly  suppress  the  vital  activity  of  pathogenic  mem¬ 
bers  of  the  collform  group,  although  to  a  lesser  extent  than  they  sup¬ 
press  that  of  the  concomitant  mlcrof^ora.  These  two  factors,  together 
with  others  previously  known,  have  led  to  the  appearance  of  large  num- 

-  383  - 


bers  of  so-called  atypical  forms.  The  nature  of  these  forms  varies  and 
they  may  occur  with  equal  frequency  among  pathogenic  bacteria  and  sap¬ 
rophytes*  determination  of  their  genetic  affinities  is  consequently 
difficult  at  times. 

The  most  common  deviation  from  the  typical  pattern  is  exhibited  by 
strains  which  have  lost  their  agglut inability.  These  strains  should  not 
be  lightly  dismissed,  even  when  their  morphological  and  biochemical 
characteristics  correspond  to  none  of  the  species  of  Shigella.  Their 
agglutinabillty  can  occasionally  be  restored  by  several  (3-5)  daily 
transplantations  to  fresh  (moist)  agar  slants.  These  transplantations 
can  be  alternated  with  reculturing  on  broth  containing  glucose.lt  is  al¬ 
so  recommended  that  nonagglutinable  cultures  be  transplanted  to  dishes, 
followed  by  selection  of  those  mature  colonies  which  agglutinate  with 
the  corresponding  serum  on  slides.  Finally,  the  best  method  of  identi¬ 
fying  its  culture  is  study  of  its  thermostable  antigen.  Agglutination 
with  a  boiled  bacterial  suspension  is  employed  for  this  purpose.  Mater- 
ll  washed  from  the  culture  in  3-5  nil  of  physiological  solution  is 
neated  in  a  boiling-water  bath  for  1-1^  hr.  An  expanded  agglutination 
reaction  is  set  up  with  the  boiled  emulsion  in  the  usual  manner.  The  se¬ 
rum  dilutions  begin  at  1:20  and  the  results  must  be  evaluated  with  an 
agglut inoscope  or  magnifying  glass,  since  the  agglutinate  is  fine¬ 
grained.  The  thermostable  antigen  can  also  be  determined  quite  success¬ 
fully  by  precipitation  with  a  hapten  obtained  from  the  culture  under 
investigation. 

When  the  antigenic  character  of  a  bacterium  can  be  determined  only 
by  reacting  it  with  a  boiled  antigen  or  hapten,  the  strain  is  designa¬ 
ted  as  nonaggluti native.  Cultures  which  react  at  no  less  than  half  the 
serum  titre  are  regarded  as  highly  agglutinative.  Cultures  which  agglu¬ 
tinate  at  less  than  half  the  serum  titre  are  designated  as  poorly  ag- 
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glutinatlve. 

Atypical  cultures  may  be  highly  agglutinative  but  exhibit  a  devia¬ 
tion  In  one  of  their  biochemical  characteristics.  Ir.  such  cases  It  Is 
first  necessary  to  be  certain  that  the  strain  Is  pure.  A  double  culture 
Is  sometimes  produced  when  colonies  are  isolated,  especially  If  they 
do  not  derive  from  a  single  bacterium,  but  are  Initially  a  symbiosis  of 
two  species.  Inoculation  of  a  differential  medium  with  a  liquid  suspen¬ 
sion  of  the  culture  makes  it  possible  to  Isolate  the  strain  in  pure 
form,  which  is  tnen  found  to  be  typical. 

A  culture  will  occasionally  exhibit  biochemical  deviations  but 
Ill  be  suspected  of  belonging  to  the  Shigella  group.  It  is  then  ne¬ 
cessary  to  study  its  somatic  antigen  by  one  of  the  methods  described 
above.  If  the  agglutination  reaction  with  boiled  antigen  or  the  preci¬ 
pitation  reaction  with  a  hapten  yields  negative  results  the  culture 
must  be  discarded.  It  is  necessary  to  regard  the  agglutinabllity  of  the 
culture  as  an  acquired  characteristic  or  to  attribute  it  to  the  presence 
of  common  antigen  fractions  in  different  bacteria  or  to  random  conver¬ 
gence  of  components  of  the  culture's  antigenic  structure.  One  example 
of  this  is  the  fact  that  strains  of  Sh.  flexneri  often  agglutinate  with 
typhoid  serum.  Such  a  culture  sometimes  agglutinates  with  identical  ti- 
tres  of  Flexner  serum  and  typhoid  serum.  The  investigator's  conclusion 
then  depends  on  the  presence  or  absence  of  lability  and  hydrogen  sul¬ 
fide  formation  and  sometimes  on  the  results  obtained  by  reacting  the 
culture  with  a  boiled  bacterial  suspension. 

Use  of  bacteriophage  may  be  of  some  aid  in  identifying  dysentery 
cultures.  Both  a  composite  series  and  2  test -tubes  containing  broth  are 
inoculated  with  the  culture.  After  4  hr  2  drops  of  dysentery  bacterio¬ 
phage  (polyvalent  or  monovalent)  diluted  to  1:10  are  added  to  one  of 
the  test-tubes.  An  equal  quantity  of  bacteriophage  is  added  to  a  tube 
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containing  sterile  broth  and  all  the  tubes  are  placed  in  a  heater.  The 
intensity  of  the  growth  in  the  two  tubes  containing  inoculated  broth  is 
compared  on  the  following  day.  The  tube  containing  broth  and  bacterio¬ 
phage  but  no  culture  serves  as  a  bacteriophage-sterility  control. 

It  is  possible  to  add  the  bacteriophage  at  the  time  the  culture  is 
transplanted.  In  this  case  the  action  of  the  bacteriophage  is  manifested 
not  in  lysis,  but  in  retardation  of  culture  growth;  the  results  are 
evaluated  in  the  same  manner.  Complete  or  partial  clarification  of  the 
broth  containing  culture  and  bacteriophage,  the  broth  containing  culture 
alone  remaining  cloudy,  indicates  that  the  bacteriophage  has  had  a  spe¬ 
cific  action,  i.e.,  that  it  is  related  to  the  culture.  If  the  bacterio¬ 
phage  is  polyvalent  it  may  be  assumed  that  the  culture  consists  of  dy¬ 
sentery  bacteria.  A  precise  identification  is  made  by  comparing  other 
characteristics.  When  monovalent  phages  are  used  lysis  or  retardation 
of  growth  confirms  the  nature  of  the  culture  with  high  reliability. 

M.A.  Yelshina  et  al. ,  have  developed  media  which  make  it  possible 
to  differentiate  Sh.  flexneri  and  Sh.  sonnei  from  Escherichia  and  Pro¬ 
teus.  These  consist  cf  synthetic  nutritive  media  with  and  without  nico¬ 
tinic  acid  added.  All  Escherichia  grow  on  both  media,  Proteus  grows  on 
neither  of  them,  and  Sh.  flexneri  (except  Sh.  Newcastle)  and  Sh.  scnnei 
grow  only  on  the  medium  containing  nicotinic  acid  (page  ). 

Accelerated  methods  of  bacteriological  examination 

Every  experimenter  has  his  own  method  of  accelerating  c- valuation 
of  the  results  of  examinations  for  dysentery.  Use  of  any  of  these  meth¬ 
ods  is  Justified  if  it  Includes  determination  of  all  the  characterist ic- 
of  the  bacterium.  Accelerated  techniques  for  bacteriological  examina¬ 
tion  should  not  exclude  study  of  the  morphology  and  biochemical  or  ser¬ 
ological  properties  of  the  microbe.  It  is  permissible  to  omit  determina¬ 
tion  of  some  of  these  characteristics  only  in  making  a  rough  evaluation. 
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Accelerated  bacteriological  examination  for  dysentery  Is  conducted 
by  the  following  method,  which  can  serve  as  an  example  for  practical 
work  but  Is  open  to  a  number  of  modifications. 

As  In  the  usual  procedure,  the  material  (feces,  foodstuffs,  etc.) 
is  cultured  on  colored  differential  media  on  the  first  day.  After  18-20 
hr  suspicious  colonies  are  Isolated  on  composite  media:  slants  (con¬ 
taining  lactose,  glucose,  and  urea)  or  2  test-tubes  containing  media 
of  the  Ressel  type  (one  with  lactose  and  0.1^  glucose  and  the  other 
with  1 %  sucrose  and  0.1^  mannose).  Both  series  Include  one  test-tube 
.ltainlng  peptone  water*  and  one  containing  Hottinger's  broth,  with 
■■  ;ipropriate  paper  for  determination  of  hydrogen  sulfide  and  indol  be¬ 
neath  their  stoppers. 

After  4  hr  smears  are  made  from  the  growth  on  the  Ressel  medium 
and  Gram-stained;  the  bacteria  are  Investigated  for  lability  and  a 
rough  agglutination  reaction  Is  set  up  with  a  mixture  of  the  most  com¬ 
mon  sera.  If  these  data  indicate  that  a  pathogenic  microorganism  may 
have  been  Isolated  a  preliminary  report  can  be  made  on  the  second  day. 

Transplants  are  simultaneously  made  from  the  broth  to  a  composite 
series**  and  agar  slants.  Cultures  are  also  made  in  2  test-tubes  con¬ 
taining  broth,  ts  one  of  which  2  drops  of  polyvalent  dysentery  bacteri¬ 
ophage  in  a  dilution  of  1:10  are  added,  while  the  other  (without  bac¬ 
teriophage)  serves  as  a  growth  control. 

The  results  of  the  composite  series  and  the  phage  test  are  eval¬ 
uated  at  the  end  of  the  2nd  day  and  an  expanded  agglutination  reaction 
Is  set  up;  the  latter  is  evaluated  after  4  hr  in  a  water  bath  at  55°. 

A  final  report  can  be  made  on  the  3rd  day  after  the  examination 
begins. 

Our  knowledge  of  the  antigenic  structure  of  bacteria,  especially 
of  the  antigenic  composition  specific  to  gram-negative  bacteria,  has 
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made  It  possible  to  develop  diagnostic  methods  based  on  detectiai  of 
primary  antigens.  Antigen  complexes  can  be  extracted  from  bacterial 
cells  by  chemical  means  and  detection  of  such  complexes  in  human  excre¬ 
ta  undoubtedly  indicates  the  presence  of  the  corresponding  bacteria.  At 
the  same  time,  such  antigens  react  with  sera  from  persons  infected  by 
the  corresponding  species  of  bacterium.  A  complete  antigen  (the  somatic 
antigen)  and  a  hapten  are  used  for  this  purpose. 

Annular  precipitation  reaction  with  hapten.  The  specificity  of 
somatic  antigens  and,  especially,  of  haptens  (which  are  polysaccharides) 
makes  it  possible  to  detect  them  in  mixtures  of  different  bacteria  if 
sufficiently  sensitive  sera  are  employed.  This  reaction  is  sensitive  and 
specific.  It  reveals  the  presence  of  given  bacteria  even  when  they  are 
very  few  in  number  (40-60  million)  or  when  they  are  inaccessible  to  or¬ 
dinary  bacteriological  methods. 

The  hapten  is  obtained  from  washings  made  from  an  initial  fecal 
culture  in  a  dish  containing  any  medium  except  medium  Zh  or  Ploskirev's 
medium.  Just  as  in  bacteriological  examination,  pieces  of  mucous  or  pus 
or  a  drop  of  fpcal  matter  (or  any  other  material)  is  applied  to  the  sur¬ 
face  of  the  agar.  There  is  no  need  to  provide  for  growth  of  separate 
colonies,  since  the  thicker  the  initial  culture,  the  greater  will  be 
the  chances  that  the  dish  contains  dysentery  bacteria.  After  18-20  hr 
the  growth  is  washed  with  4-5  ml  of  1#  acetic  acid  and  the  washings  are 
poured  into  a  test-tube  and  boiled  in  a  water  bath  for  30  rin  to  1  hr. 
The  emulsion  is  then  filtered  through  asbestos  wool  of  the  type  used  in 
the  Ascoll  reaction.  A  small  piece  of  the  asbestos  is  packed  tightly 
(but  not  too  tightly)  into  the  neck  of  a  small  funnel,  which  is  insert¬ 
ed  into  a  test-tube.  Filtration  yields  a  clear  colorless  filtrate, 
which  is  brought  to  a  neutral  reaction  with  20#  sodium  carbonate  in  the 
presence  of  an  indicator  -  an  alcoholic -aqueous  solution  of  rosollc 
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acid  (0.1  g  of  rosollc  acid,  10  ml  of  alcohol,  and  70  ml  of  distilled 
water)  or  bromthymol  blue.  If  the  solution  becomes  cloudy  during  alkal¬ 
ization  the  filtration  Is  repeated.  The  clear  filtrate  (in  0.1-0. 2  ml 
portions)  is  overlayered  on  an  equal  quantity  of  precipitative  serum, 
either  whole  or  diluted  to  1:3,  in  narrow  test-tubes.  There  should  be  a 
clearly  defined  boundary  between  the  two  liquids,  at  which  a  white  ring 
appears  when  the  reaction  is  positive.  The  observation  period  lasts  2 
hr  and  if  no  ring  forms  during  this  time' the  result  must  be  regarded  as 
negative. 

The  precipitative  serum  must  receive  special  attention.  The  higher 
its  precipitative  titre,  the  more  sensitive  will  be  the  reaction.  How¬ 
ever,  not  all  sera  which  precipitate  with  the  complete  antigen  react 
with  the  hapten.  Each  series  of  serum  must  consequently  be  titrated 
with  a  known  hapten  obtained  from  a  homologous  culture.  Washings  from 
the  culture  are  treated  in  the  manner  described  above  and  cverlayered 
on  the  serum  in  dilutions  of  1:2,  1:4,  1:8,  1:16,  etc.  The  higher  the 
hapten  dilution  with  which  annular  precipitation  is  obtained,  the  more 
suitable  Is  the  serum.  Flexner  serum  should  Include  all  serological 
types. 

Rapoport’s  accelerated  method 

In  this  method  colonies  taken  from  medium  Zh  are  cultured  on  in¬ 
dicator-containing  glycerine  agar  in  Petri  dishes  rather  than  on  a  com¬ 
posite  medium  in  test-tubes.  The  glycerine  test  is  used  to  differen¬ 
tiate  dysentery  bacteria.  Neither  any  of  the  serotypes  of  Sh.  flexneri 
nor  Sh.  boydii  type  VI  decompose  glycerine,  while  Sh.  grigoriewa-shigae , 
Sh.  sonnel,  Sh.  newcastle,  Sh.  stutzerl-schmitzli,  and  the  remaining 
types  of  Sh.  boydii  break  do.:n  this  compound.  The  capacity  of  the  cul¬ 
ture  for  gas  formation  can  also  be  determined,  since  E.  coli  and  cer¬ 
tain  Salmonella  produce  gases  In  glycerine  media. 
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Serological  Investigation 

Bacteria  cannot  be  Isolated  from  the  feces  In  the  later  stages  of 
dysentery  and  this  technique  consequently  cannot  be  employed  to  estab¬ 
lish  a  retrospective  diagnosis.  It  also  fails  to  give  any  indication  of 
the  character  and  outcome  of  the  processes  taking  place  In  the  body 
during  the  illness.  The  results  of  dynamic  immunological  study  of  the 
patient  or  convalescent  *s  blood  serum  indicates  whether  he  has  previous 
ly  incurred  the  disease  and  whether  a  chronic  process  has  developed  and 
furnishes  other  data  on  the  body's  reaction  to  the  infectious  agent. 

The  character  of  agglutination  under  dynamic  conditions  with  diag¬ 
nostic  sera  prepared  from  dysentery  bacteria  (Sh.  flexneri,  Sh.  sonnei) 
varies  in  accordance  with  the  form  of  the  disease.  In  acute  cyclic  dy¬ 
sentery  the  agglutinin-titre  curve  has  a  normal  trend,  exhibiting  a 
rise  which  begins  during  the  2nd  week  or  later.  In  protracted  dysentery 
when  the  body  reacts  sluggishly  to  the  infection,  agglutinins  in  tltres 
of  more  than  1:100  appear  later,  occasionally  not  until  the  4th-5th 
week  of  illness,  and  Increase  slowly.  Appropriate  therapeutic  interven¬ 
tion  leading  to  recovery  gives  the  agglutinin-titre  curve  the  form  des¬ 
cribed  above  for  acute  cyclic  dysentery.  When  a  chronic  condition  de¬ 
velops  this  curve  has  a  wave-like  form,  dropping  to  a  titre  of  1:50  or 
less  and  Increasing  to  a  titre  of  1:400-1:800. 

While  in  acute  dysentery  the  Increase  in  titre  indicates  develop¬ 
ment  of  immunity,  in  the  chronic  form  it  results  from  activation  of  a 
latent  focus.  This  hypothesis  is  borne  out  very  well  by  simultaneous 
determination  of  the  agglutinin  titre  and  the  phagocytic  activity  of 
the  leucocytes.  In  chronic  cases,  especially  before  exacerbation,  high 
agglutinin  tltres  are  conjoin-d  with  a  reduced  capacity  for  leucocytic 
phagocytosis  of  the  causative  agent.  Both  indices  increase  when  the 
patient  recovers. 
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The  agglutination  reaction  is  set  up  in  the  same  manner  as  Widal's 
reaction  for  typhoid  and  paratyphoid.  The  serum  dilutions  range  from 
1:50  to  1 :800-1 :1600.  However,  the  typological  diversity  and  marked 
variability  of  dysentery  bacteria  requires  that  special  attention  be 
paid  to  the  antigen.  It  is  best  to  use  diagnostic  sera  prepared  from 
selected,  tested  cultures  and  fixed  with  0.1-0. 2#  formalin  in  Widal's 
reaction  for  dysentery.  Test-tubes  containing  controls  for  each  diag¬ 
nostic  serum  must  be  included  in  setting  up  the  reaction.  Diagnostic 
sera  prepared  from  Sh.  flexneri  should  incorporate  the  maximum  number 
u  type  cultures  or  an  individual  serum  should  be  made  up  from  each  type 
c  .lture.  In  the  latter  case  the  type  sera  are  used  separately  in  the  re¬ 
action. 

The  reaction  is  evaluated  after  20-24  hr  in  a  heater  at  37°  or  af¬ 
ter  4  hr  in  a  water  bath  at  55°.  Since  the  agglutinate  is  fine-grained, 
the  results  are  determined  with  an  agglutinoscope  or  magnifying  glass. 

In  using  diagnostic  sera  the  test-tubes  should  not  be  shaken  vigorously 
while  reading  the  results,  since  the  bacteria  do  not  adhere  tightly  and 
the  granule-..:  are  easily  broken  up. 

The  agglutination  reaction  is  an  auxiliary  diagnostic  method.  The 
most  reliable  results  are  obtained  by  studying  the  reaction  under  dyna¬ 
mic  conditions.  Repeated  investigations  make  it  possible  to dfetect  ag¬ 
glutinins  formed  at  later  times,  to  exclude  nonspecific  group  reactions, 
and  to  study  the  trend  of  the  Increase  in  agglutinin  cor.ent. 

The  annular  precipitation  reaction  with  complete  antigens  is  based 
on  the  sensitivity  and  specificity  of  preparations  obtained  from  gram- 
negative  bacteria  by  chemical  treatment  (complete  antigens). 

Fresh  npnhemolyzed  serum  and  complete  antigens  prepared  by  Buaven's 
method  from  Sh.  flexneri  and  Sh.  sonnei  (a  combination  of  serological 
type)  are  used  for  the  serological  diagnosis  of  dysentery. 
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The  antigen  Is  stored  in  dry  form  and  diluted  by  a  factor  of  1000, 
1  mg  in  1  ml  of  physiological  (0.85#)  sodium  chloride  solution,  before 
the  reaction  is  3et  up  (several  hours  beforehand  or  on  the  preceding 
day).  This  initial  dilution  can  be  used  for  3  weeks  when  stored  in  a 
refrigerator. 

Approximately  0.1  ml  of  the  serum  to  be  invest? sated,  whole  or  di¬ 
luted  to  1:1,  is  poured  into  a  narrow  test-tube.  The  same  quantity  of 
antigen  is  overlayered  on  it  with  a  fine  Pasteur  pipette.  There  should 
be  a  distinct  boundary  between  the  liquids,  at  which  a  clearly  defined 
white  ring  appears  if  the  reaction  is  positive. 

The  observation  period  lasts  1  hr  at  room  temperature. 

In  the  majority  of  cases  of  dysentery  the  annular  precipitation 
reaction  yields  positive  results  between  the  5th  and  14th  days  of  ill¬ 
ness,  i.e.,  when  bacteria  can  rarely  be  isolated  from  the  feces. 
Nutritive  Media;  Preservatives 

Tyge's  glycerine  mixture.  A  total  of  0-5  liter  of  glycerine  is 
added  to  1  liter  of  physiological  solution  and  the  pH  is  adjusted  to 
8.0  by  addition  of  20 #  sodium  phosphate  (NagHPO^).  The  mixture  is  ster¬ 
ilized  at  112°  for  15  min  and  then  has  a  pH  of  7*6-7. 8.  In  Zack's  modi¬ 
fication  0.1#  alconollc  methyl  red  is  added  to  indicate  any  reaction 
during  storage. 

Phosphate  buffer  mixture.  A  total  of  0.45  g  of  potassium  hypophos- 
phite  (KHgPO^)  and  5.34  g  of  efflorescent  sodium  phosphate  (NagHPO^) 
are  added  to  1  liter  of  distilled  water.  The  mixture  is  poured  into 
bottles  and  sterilized  in  an  autoclave  at  120°. 

Bile  broth.  A  total  of  200  ml  of  native  bile  at  pH  7*6  is  added  to 
800  ml  of  broth  and  the  mixture  is  sterilized  in  an  autoclave  at  120° 
for  30  min. 


Preparation  of  indicator  for  hapten  reaction.  Rosollc  acid.  A  to- 
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tal  of  0.1  g  of  resell o  notd  la  dissolved  in  10  ml  of  alcohol  and  70  ml 
t,J-  water  Is  then  added.  The  resultant  solution  is  ready  for 

use. 

Bromthymol  blue.  A  total  of  0.1  g  of  indicator  is  ground  in  a  mor¬ 
tar  with  3*2  ml  of  1/20N  sodium  hydroxide  and  the  two  are  added  to  25 
ml  of  distilled  water.  This  basic  solution  is  diluted  by  a  factor  of 
10  to  make  up  the  working  solution. 

Preparation  of  indicator  paper:  for  indol. 

Paradimethylamidobenzaldehyde  -  5  g. 

96°  alcohol  -  50  ml. 

Purified  concentrated  phosphoric  acid  -  10  ml. 

The  ingredients  are  mixed  until  the  powder  dissolves.  Strips  of 
filter  paper  are  wetted  with  tte  warm  solution  thus  obtained,  dried, 
and  cut  into  pieces. 

Tne  paper  is  yellow  in  color.  When  indol  is  present  in  the  broth 
the  paper  changes  color  to  a  lilac  red  or  intense  crimson. 

Paper  for  hydrogen  sulfide. 

Sheets  of  filter  paper  are  wetted  in  the  following  solution: 

Distilled  water  -  100  ml. 

Lead  acetate  -  20  g. 

Sodium  diacetate  -  1  g. 

The  paper  is  dried  and  cut  into  strips.  It  is  colorless  when  pre¬ 
pared  and  it  turns  black  in  the  presence  of  hydrogen  sulfide. 

Gain's  medium. 

Roland's  triple  modification: 

Distilled  water  -  1000  ml. 

Dry  agar  -  13  g. 

Peptone  -  20  g. 

Sodium  chloride  -  5  g* 
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Bring  to  pH  «  7*5  and  add: 

Lactose  -  10  g. 

Glucose  -  1  g. 

Sodium  hydrosulfite  -  0.2  g. 

Ferrous  ammonium  sulfate  -  0.2  g. 

pH  -  7*4* 

1J t  aqueous  phenol  red  -  2.5  ml. 

The  medium  is  slanted  to  obtain  a  column. 

Ressel  's  medium.  This  medium  contains  0.1#  glucose,  1#  lactose, 
and  an  indicator  and  is  slanted  in  such  fashion  that  a  column  of  agar 
is  left  2-3  cm  from  the  bottom.  Stab  cultures  are  made  in  the  column 
and  streak  cultures  on  the  slanted  surface.  This  medium  replaces  3 
test-tubes:  the  slanted  surface  can  be  used  instead  of  an  agar  slant; 
smears  and  cultures  can  be  made  from  the  medium  and  it  can  be  used  for 
rough  agglutination  reactions;  the  lactose  which  is  contained  can  be  re 
acted,  the  slanted  surface  being  stained  by  an  appropriate  indicator 
when  the  lactose  ferments  (red  when  Andrade's  indicator  is  used).  The 
glucose  in  the  column  can  be  reacted,  staining  the  column  when  it  is 
decomposed;  if  gas  is  produced  it  collects  in  the  bottom  of  the  tube 
and  forms  bubbles  in  the  agar. 

Preparation  of  Ressel 's  medium  from  dry  nutritive  media.  A  total 
of  40  g  of  dry  nutritive  agar  containing  BP  indicator  and  lactose  and 
5  g  of  dry  nutritive  agar  are  added  to  950  ml  of  distilled  water.  The 
mixture  is  dissolved  by  heating  to  the  boiling  point.  A  total  of  1  g 
of  glucose  is  dissolved  in  50  ml  of  distilled  water  and  added  to  the 
mixture.  Portions  of  5-6  ml  are  poured  into  sterile  test-tubes  and 
twice  sterilized  in  running  steam  for  30  min.  The  medium  is  slanted 
so  as  to  leave  a  small  column. 

Ressel's  medium  containing  mannose  and  sucrose  is  prepared  in  ac- 


cordance  with  the  formula  given  above:  40  g  of  dry  nutritive  agar  con¬ 
taining  BP  indicator  and  sucrose  is  mixed  with  950  ml  of  distilled  wa¬ 
ter  and  1  g  of  mannose  dissolved  in  50  ml  of  distilled  water  is  then 
added. 

The  medium  is  grayish  red  in  color  and  turns  blue  when  an  acid  is 
formed. 

"Slant  column"  medium 

It  is  recommended  that  the  "slant  column"  medium  be  prepared  in 
two  stages:  1)  0.75-1#  of  agor-agar  and  20  ml  of  a  complex  Indicator  • 
c  ..slsting  of  100  ml  of  Andrade's  indicator  and  0.4  g  of  thymol  blue 
a-e  added  to  1000  ml  of  broth  (or  peptone  water).  This  portion  of  the 
medium  is  sterilized  in  an  autoclave  at  120°  for  30  min.  2)  a  total  of 
1  g  of  glucose,  10  g  of  lactose,  and  10  g  of  urea  are  dissolved  in  100 
ml  of  sterile  distilled  water  in  a  sterile  vessel.  This  solution  is 
added  to  the  basic  medium  vl)  and  5-5  ml  portions  of  the  resultant  mix¬ 
ture  are  poured  into  sterile  test-tubes  and  sterilized  in  running  steam 
for  30  min.  The  medium  is  slanted  like  Ressel’s  medium,  i.e.,  to  leave 
a  column.  It  is  yellowish  in  color  and  turns  red  in  the  presence  of  an 
acid  reaction  and  blue  or  violet  in  the  presence  of  an  alkaline  reac¬ 
tion. 

In  addition  to  this  method  of  preparing  slant  columns,  there  is  a 
simpler  method  using  dry  Hiss'  nutritive  medium  containing  lactose  and 
BP  indicator. 

A  total  of  4  g  of  dry  Hiss'  medium  containing  lactose  and  BP  in¬ 
dicator,  0.1  g  of  glucose,  and  1  g  of  urea  are  added  to  100  ml  of  hot 
sterile  distilled  water;  the  resultant  solution  is  poured  into  test- 
tubes  and  sterilized  in  running  steam  for  30  min.  The  medium  is  slanted 
like  Ressel 's  medium. 


The  medium  is  reddish  in  color  and  turns  blue  in  the  presence  of  an 
acid  reaction  and  orange  in  the  presence  of  an  alkaline  reaction. 

RapoporVs  glycerine  medium 

A  total  of  2  ml  of  sterile  bovine  bile,  2  ml  of  chemically  pure 
glycerine,  and  2  ml  of  2#  aqueous  acid  fuchsln  are  added  to  100  ml  of 
unmelted  agar.  The  agar  is  melted,  cooled  to  50°,  thoroughly  mixed,  and 
poured  Into  Petri  dishes. 

Chernomordlk 's  ferrous  citrate  medium 

Water  —  1  liter. 

Peptone  —  15  g. 

Ferrous  ammonium  citrate  -  1  g. 

Potassium  hypophosphite  -  1  g. 

Hyposulfite  -  0.15  g. 

Agar-agar  -5  g. 

After  all  the  ingredients  have  been  dissolved  in  boiling  water  the 
medium  is  poured  into  test-tubes  and  sterilized  in  an  autoclave  under  a 
pressure  of  1  atm.  Cultures  are  made  by  the  stab  method;  the  column  of 
medium  turns  black  when  hydrogen  sulfide  is  formed. 

Christensen^  medium 

A  total  of  100  ml  of  molten  1 %  Hottinger'3  agar  at  pH  =  7.2  is 
mixed  with  0.5  ml  of  1 %  aqueous  ferrous  chloride.  The  mixture  is  poured 
into  sterile  test-tubes  to  form  columns,  which  are  inoculated  by  the 
stab  method. 

Nicotinic  acid  medium 

See  M.A.  Yelshina,  B.G.  Zatulovskiy,  Ye.G.  Zaydenberg,  Ye.T.  Litov- 
chenko,  and  V.V.  Shubs  (Laboratornoye  delo  [Laboratory  News],  1957,  No. 
3). 

Drob'ot'ko's  synthetic  medium,  which  consists  of  1  g  of  (NH^J^PO^, 

1  g  of  KgHPOjj ,  0.2  g  of  Na2S04,  0.1  g  of  MgSO^,  5  g  of  NaCl,  5  g  of 
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glucose,  and  1000  ml  of  distilled  water.  Is  mixed  wJth  4  ug  of  nicotinic 
acid  per  ml;  the  resultant  medium  Is  sterilized  in  running  steam  and 

"N 

2.5  ml  portions  are  poured  into  test-tubes.  No  fewer  than  200,000  bac¬ 
teria  per  ml  are  cultured  from  washings  made  from  agar  cultures.  The 
observation  period  lasts  1-2  days. 

Increasing  Phage-Tltre  Reaction 
Prof.  L.M.  Gol'dfarb 

Indicator  phages,  a)  Indicator  phage  for  Sh.  flexnerl.  This  phage 
was  obtained  by  V.D.  timakov  and  D.M.  Gol'dfarb  from  serum  and  polyva- 
.  nt  dysentery  phage  produced  by  the  Tbilisi  Vaccine  Institute  by  pro- 
1  diged  passivation  in  a  S-form  culture  of  Sh.  flexnerl  No.  170  (type 
C).  The  phage  is  passivated  in  meat -infusion  broth  at  pH  =  6. 8-7.0;  0.1 
ml  of  day-old  washings  from  a  culture  on  agar  slants  and  0.5  ml  of 
phage  are  added  to  4.5  ml  of  broth  and  '.r'uMtej  at  37°  for  18-20  hr. 

This  is  followed  by  heatin  ’  it  1  -  jO  min.  T*v  action  spectrum  of 

tne  phage  was  studied  by  app  ioatlon  to  the  under  investigation 

on  a  solid  medium.  The  re  iU-\,  which  »re  shown  l»V  Table  30,  Indicate 
the  high  specificity  of  this  phage,  ninoe  •'•v..  It  v  -  t-..  oil  and  ether 
members  of  the  collform  group  const  11 »' •  t  m>  mure  Uian  4.5#  of  the  to¬ 
tal  . 

The  action  spectrum  of  the  phage  is  not  limited  to  Sh.  flexnerl 
alone,  since  it  reacted  with  some  of  the  Sonne  cultures  tested.  This 
Indicator  pro- ge  must  consequently  be  categorized  as  Interspecific  In  Its 
action. 

The  yield  of  this  phage,  determined  by  Ellis  and  Deibrook's  method, 
varies  from  100  to  250  particles.  Its  latent  period  averages  14-15  min¬ 
utes  and  its  adsorption  amounts  to  80#. 

The  phage  Is  thermostable  and  is  not  inactivated  at  580,  which  en¬ 


ables  us  to  use  this  temperature  for  heating  the  mixture  after  incuba- 

-  397  - 


tion. 


b)  Sonne  Indicator  phage.  This  phage  was  obtained  by  D.M.  Gol *dfarb 
and  V.N.  Kuznetsova  from  serum  and  polyvalent  dysentery  phage  produced 
by  the  Tbilisi  Vaccine  Institute  by  prolonged  passivation  In  Sh.  dysen- 
terlae  Sonne 1  strain  No.  71^« 

According  to  V.N.  Kuznetsova's  data,  the  phage  has  a  sufficiently 
high  specificity. 

c)  Indicator  phage  for  Newcastle  dysentery  bacteria.  This  phage  Is 
a  pure  strain  obtained  from  the  monovalent  Newcastle  phage  described  by 
Solobay.  It  was  Isolated  by  F.I.  Yershov  and  R.M.  Chernyaskaya,  who 
passed  the  pure  strain  through  a  culture  of  the  "Sergeyev"  strain  of 
Sh.  newcastle.  It  Is  characterized  by  high  specificity,  being  limited 
to  Sh.  newcastle.  This  phage  also  has  a  high  adsorptive  capacity,  being 
90#  adsorbed  on  the  "Sergeyev"  strain  within  10  min.  Its  reproductive 
latent  period  is  30-35  min.  Its  growth  period  20  min,  and  Its  yield  550 
particles  per  cell.  It  is  thermostable,  having  a  temperature  threshold 
of  67° . 

These  phages  have  been  used  to  conduct  Investigation  for  detec¬ 
tion  of  dysentery  bacteria  in  artificially  inoculated  substrates  and  in 
natural  subjects.  The  manner  in  which  the  reaction  is  set  up  varies 
somewhat  in  accordance  with  the  character  of  the  subject. 

Examination  of  feces.  A  total  cf  2-3  g  of  unpreserved  infected  fe¬ 
ces  Is  flooded  (in  a  flask)  with  10  ml  of  meat -infusion  broth  per  g. 

The  contents  of  the  flask  are  shaken  with  glass  beads  for  5-10  min. 

Wide  test-tubes  are  used  for  the  remainder  of  the  procedure.  Portions 
of  9  ml  of  the  fecal  suspension  under  Investigation  are  poured  Into 
test-tubes  Nos.  1  and  2  and  9  ml  of  meat -infusion  broth  Is  poured  into 

tube  No.  3-  A  total  of  1  ml  of  the  indicator  phage  diluted  with  broth 

4 

to  a  concentration  of  the  order  of  10  particles  per  ml  is  then  added 
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to  tube  No.  1.  The  phage  dilution  used  In  setting  up  the  Increasing 
phage-titre  reaction  is  referred  to  as  the  "working  dilution. "  A  total 
of  1  ml  of  meat-infusion  broth  Is  added  to  tube  No.  2,  which  serves  as 
the  free-phage  control.  A  total  of  1  ml  of  the  working  phage  dilution 
is  added  to  tube  No.  3*  which  is  the  indicator-phage  titre  control.  This 
latter  control  becomes  one  of  a  group  of  simultaneous  analyses.  All 
three  mixtures  are  incubated  at  37“  for  4£- 5  hr.  After  incubation  the 
contents  of  all  the  tubes  are  diluted  with  meat-infusion  broth,  the  ex¬ 
tent  of  the  dilution  being  such  that  when  1  ml  of  the  mixture  from  tube 
N  .  3  (the  titre  control)  is  cultured  several  tens  of  negative  phage 
colonies  are  obtained.  The  diluted  mixtures  are  heated  at  58°  for  30 
min.  The  phage  compensation  per  ml  is  then  determined  by  Qrazia's  agar- 
layer  method.  The  standard  bacterial  cultures  are  Sh.  flexneri  No.  170 
for  the  Flexner  phage,  Sh.  sonne 1  No.  714  for  the  Sonne  phage,  and  the 
"Sergeyev"  strain  of  Sh.  newcastle  for  the  Newcastle  phage.  It  is  de¬ 
sirable  to  investigate  the  contents  of  the  experimental  tube  (No.  l) 
and  the  phage-titre  control  (tube  No.  3)  on  two  dishes,  while  one  dish 
is  sufficient  for  the  free-phage  control. 

Example  of  calculation  of  dilutions.  Let  us  assume  that  the  inl- 

Q 

tial  indicator  phage  contained  5*10  particles  per  ml.  In  order  to  ob¬ 
tain  the  working  dilution  the  phage  is  diluted  by  a  factor  of  50,000  in 
meat-infusion  broth,  so  that  the  phage  concentration  becomes  10,000 
particles  per  ml.  Since  this  phage  dilution  Is  added  to  the  material 
and  the  control  in  a  ratio  of  1:10,  its  concentration  is  then  1000  par¬ 
ticles  per  ml.  The  quantity  of  phage  In  tube  No.  1  may  Increase  after 
incubation,  while  that  In  tube  No.  3  (the  phage-titre  control)  remains 
unchanged.  The  subsequent  dilution  should  be  such  that  1  ml  of  material 
from  tube  No.  3  cultured  on  a  dish  will  yield  several  tens  of  colonies; 
the  contents  of  the  tube  are  consequently  diluted  by  a  factor  of  200, 


399  - 


i.e.,  50  negative  colonies  are  expected  In  the  control. 

The  results  of  the  reaction  are  evaluated  by  counting  the  number  of 
negative  colonies  growing  on  dishes  Inoculated  with  the  appropriate  bac¬ 
terium  by  Grazia's  method.  The  phage -Inoculated  dishes  are  Incubated 
for  5  hr. 

The  reaction  Is  evaluated  on  £he  following  scale:  Increase  In 
phage  tltre  by  factor  of  up  to  3  “  negative  reaction  (-);  Increase  by 
factor  of  from  3  to  5  -  weakly  positive  reaction  (+);  Increase  by  fac¬ 
tor  of  from  5  to  7  ”  positive  reaction  (++);  Increase  by  factor  of  from 
7  to  10  —  positive  reaction  {+++);  increase  by  factor  of  more  than  10  - 
strongly  positive  reaction.  When  the  feces  contain  "free"  phage  the  lat¬ 
ter  can  be  detected  in  the  dish  on  which  the  material  from  tube  No.  2 
has  been  cultured.  In  this  case  the  evaluation  cf  the  reaction  is  based 
on  a  count  of  both  phages,  free  and  indicator.  When  the  reaction  is  pos¬ 
itive  the  number  of  negative  colonies  in  the  dishes  containing  cultures 
from  tube  No.  1  should  exceed  the  sum  of  the  numbers  of  colonies  ob¬ 
tained  by  culturing  material  from  the  titre  control  and  the  free -phage 
control. 

Examination  of  water.  Portions  of  80  ml  of  the  water  to  be  Inves¬ 
tigated  are  poured  into  2  sterile  flasks  (Nos.  1  and  2). 

A  total  of  10  ml  of  a  concentrated  medium  composed  of  100  ml  of 
meat -Infusion,  10  g  of  peptone,  and  5  S  of  sodium  chloride  (pH  =  7.2- 
7.4)  and  10  ml  of  the  working  lndlcator-phage  dilution  are  added  to 
flask  No.  1  (experimental  sample). 

t,  total  of  10  ml  of  the  aforementioned  concentrated  medium  and  10 
ml  of  ordinary  meat-lnfuslon  broth  are  added  to  flask  No.  2  (which 
serves  as  a  control  for  free  phage).  Flask  No.  3  is  filled  with  90  ml 
of  meat-infusion  broth  and  10  ml  of  the  working  phage  dilution  (phage- 
tltre  control).  The  latter  control  becomes  one  of  a  group  of  simultan- 
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tous  analyses. 

The  flasks  are  kept  In  a  heater  at  37°  for  4^-5  hr  and  are  then 
examined  by  the  technique  described  for  feces. 

In  order  to  Increase  the  sensitivity  of  the  reaction  the  time  for 
which  the  water  Is  in  contact  with  the  phage  can  be  prolonged  to  16-18 
hr. 

The  results  are  evaluated  on  the  scale  described  above. 

Detection  of  dysentery  bacteria  on  environmental  objects.  Wipings 
are  made  from  the  surface  to  be  Investigated  with  a  pad  wetted  In  ster¬ 
ile  tap  water.  The  pad  Is  placed  In  a  test-tube  to  which  10  ml  of  meat- 
infuslon  broth  has  been  added.  The  tube  Is  thoroughly  shaken  and  the  pad 
Is  wrung  out  and  removed;  portions  of  4.5  ml  of  the  washings  are  poured 
Into  test-tubes  Nos.  1  and  2.  A  total  of  0.5  ml  of  the  working  Indica¬ 
tor  phage  dilution  is  then  added  to  tube  No.  1  (experimental  sample). 

A  total  of  0-5  ml  of  meat-infusion  broth  Is  added  to  tube  No.  2  (free- 
phage  control).  A  total  of  4.5  ml  of  meat -Infusion  broth  and  0.5  ml  of 
the  working  phage  dilution  are  added  to  tube  No.  3  (phage-titre  control). 

The  phage-titre  control  becomes  one  of  a  group  of  analyses.  The 
test-tubes  are  Incubated  in  a  heater  at  37°  for  16-18  hr  and  then  exam¬ 
ined  by  the  method  described  above.  ' 

When  it  is  Impossible  to  study  each  washing  separately  a  mixture 
of  washings  from  a  group  of  different  objects  can  be  examined.  In  such 
cases  each  pad  is  washed  with  a  small  quantity  (2-3  ml)  of  meat-infu¬ 
sion  broth  and,  after  being  thoroughly  shaken,  the  washings  are  poured 
into  a  flask.  The  remainder  of  the  procedure  is  the  same  as  usual. 

Examination  of  milk.  Portions  of  0.5  ml  of  milk  are  poured  into 
test-tubes  Nos.  1  and  2. 

A  total  of  8.5  ml  of  meat-infusion  agar  and  1  ml  of  the  working 
phage  dilution  are  added  to  test-tube  No.  1  (experimental  sample).  A 
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total  of  9*5  ml  of  meat-infusion  broth  is  added  to  tube  No.  2  (free- 
phage  control).  A  total  of  9  ml  of  meat -infusion  broth  and  1  ml  of  the 
working  phage  dilution  are  added  to  tube  No.  3  (phage-titre  control). 

All  the  tubes  are  incubated  in  a  heater  at  37*  for  16-18  hr  and 
then  examined  in  the  usual  manner. 

Examination  of  kefir.  Before  examination  the  kefir  is  neutralized 
with  2N  or  IN  sodium  hydroxide  (the  medium  reaction  should  be  slightly 
alkaline);  the  remainder  of  the  procedure  is  the  same  as  for  milk. 

Examination  of  bread.  Pieces  of  bread  with  a  total  weight  of  2-3  S 
are  crushed  in  a  mortar  with  10  ml  of  meat-infusion  broth  and  the  sus¬ 
pension  is  left  to  stand. 

Port  lens  of  1  ml  of  the  suspension  are  poured  into  tubes  Nos.  1 
and  2.  A  total  of  8  ml  of  meat -Infusion  broth  and  1  ml  of  the  working 
phage  dilution  are  added  to  tube  No.  1  (experimental  sample).  A  total 
of  9  ml  of  meat-infusion  broth  is  added  to  tube  No.  2  (free-phage  con¬ 
trol).  A  total  of  9  ml  of  meat -infusion  broth  and  1  ml  of  the  working 
phage  dilution  are  added  to  tube  No.  3  (phage-titre  control). 

The  remainder  of  the  examination  is  conducted  in  the  usual  manner. 
COLIBACILLOSIS 

N.A.  Yakhina,  Doctor  of  Medical  Sciences 

Colibaclllosis  is  a  dicease  caused  by  bacteria  of  the  genus  Es¬ 
cherichia.  The  principal  representative  of  this  genus  is  E.  coll,  a 
facultatively  pathogenic  microorganism  found  in  humans  and  animals. 
While  it  is  one  of  the  major  species  Inhabiting  the  Intestines  under 
normal  conditions,  E.  coli  is  capable  of  inducing  disease  when  it  en¬ 
ters  other  regions  of  the  Intestinal  tract  (the  small  intestine)  or 
other  systems  and  organs  (the  urinary  and  biliary  tracts).  Under  such 
conditions  it  often  produces  inflammatory  processes  (pyelocystitis, 
peritonitis,  cholecystitis,  enteritis,  appendicitis,  otitis,  etc.)  or 
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symptoms  of  general  sepsis  (colibacillary  sepsis).  In  addition  to  colon 
bacteria  with  facultatively  pathogenic  properties ,  there  are  certain 
serological  types  of  E.  coli  which  are  pathogenic.  In  young  children 
these  bacteria  cause  inflammation  of  the  small  intestine,  or  enteritis, 
which  in  a  substantial  percentage  of  cases  is  characterized  by  a  severe 
course  and  a  tendency  to  spread  in  groups  of  children  (pediatric  insti¬ 
tutions  and  hospitals),  thus  producing  epidemics. 

TABLE  31 

Enzymatic  Characteristics  of  Enteropathogenic  Types  of  E.  coll  (after 
E.M.  Novgorodskaya ,  I.M.  Ansheles,  and  A.Q.  Loseva) 
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Symbols:  +)  Fermentation  during  first  day;  -)  no  fermentation;  figures 
in  parentheses  Indicate  fermentation  time  in  days;  x)  late,  irregular 
negative  or  positive  fermentation.  *Culture  0111:  B^H12. 

1)  Serotypes:  2)  adonitol;  3)  dulcitol;  4)  sorbitol;  5)  sorbose;  6) 
arabinose;  7)  zylose;  8)  rhamnose;  9)  maltose;  10)  salicin;  11)  inositol; 
12)  lactose;  13)  sucrose;  14)  mannose;  15)  glucose;  16)  indol;  17)  hy¬ 
drogen  sulfide;  18)  gelatin;  19)  ammonium  citrate;  20)  potassium  ni¬ 
trate;  21)  Foges-Proskauer  test;  22)  methyl  red;  23)  urea;  24)  or. 


The  clinical  data  on  diseases  caused  by  E.  coli  do  not  always  make 
it  possible  to  differentiate  them  from  diseases  with  other  etiologies; 
microbiological  investigation  techniques  are  of  decisive  imnortance  in 
establishing  a  diagnosis  for  such  illnesses. 

Morphology  of  E.  coll 

E.  coli  are  short,  rather  thick  rods  with  rounded  ends  and  are  1- 
2  u  long  and  0. 4-0.6  u  wide;  they  occur  singly  and,  less  frequently,  in 
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pairs.  The  rods  vary  widely  in  size  and  coccal  and  filamentous  forms  are 
encountered.  E.  coll  is  gram -negative,  has  peritrichial  flagella,  and 
moves  sluggishly.  Both  labile  and  nonlablle  variants  are  encountered. 
Biology  of  E.  coll;  cultural  characteristics 

When  grown  In  broth  E.  coll  produces  cloudiness  and  forms  a  resi¬ 
due  on  the  bottom  of  the  test-tube;  It  does  not  liquefy  gelatin  and 
clabbers  milk  without  peptonization.  It  forms  an  acid  and  frequently  a 
gas  in  Hiss'  colored  media. 

On  solid  n$edia  E.  coll  forms  flat  or  convex  colonies,  which  are 
opalescent,  cloudy,  and  rich  In  color  and  have  a  lustrous  surface.  Co¬ 
lonies  on  Endo's  medium  are  fuchsln-colored  with  a  metallic  lustre  or 
reddish,  but  are  sometimes  colorless  with  dark  centers.  Similar  differ¬ 
ences  in  coloration  (ranging  from  dark  to  colorless)  are  observed  on 
other  colored  media,  such  as  Levin's  medium.  Colonies  on  agar  range 
from  0.3  to  0.5  cm  in  diameter. 

Bacteria  belonging  to  the  genus  Escherichia  actively  ferment  car¬ 
bohydrates;  the  various  species  can  be  differentiated  on  the  basis  of 
differences  in  their  fermentation  of  individual  carbohydrates  and  Kauf¬ 
man  and  Erskov  et  al. ,  have  established  that  there  are  definite  sero¬ 
logical  types  and  biochemical  subtypes,  utilizing  the  lyzability  of 
cultures  of  different  phages,  Nicol  and  LeMlnor  detected  phagotypes 
within  the  serological  types.  In  the  view  of  these  authors,  determina¬ 
tion  of  biochemical  subtypes  and  phagotypes  can  be  employed  for  epidem¬ 
iological  analysis  of  collenteritic  diseases. 

In  view  of  the  need  to  be  guided  by  data  on  the  resistance  of  the 
cultures  isolated  to  antibiotics  in  selecting  therapeutic  drugs,  the 
sensitivity  of  the  causative  agent  to  such  compounds  is  tested  in  con¬ 
junction  with  determination  of  Its  serological  and  enzymatic  properties. 
Under  practical  conditions  this  is  done  with  disks  impregnated  with  so- 
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lutlons  of  biomycln,  levomycetin,  synthomycin,  and  streptomycin,  which 
are  placed  on  dishes  inoculated  with  the  culture;  the  zones  of  retarded 
growth  are  then  measured. 

Serial  dilutions  in  test-tubes  are  used  when  it  is  necessary  to 
determine  sensitivity  to  antibiotics  for  which  no  disks  are  available 
or  when  a  more  precise  determination  of  sensitivity  must  be  made;  this 
technique  involves  determination  of  the  least  quantity  of  the  drug 
which  produces  a  zone  of  retarded  culture  growth  (Table  31). 

Antigenic  structure;  serotypes 

Even  strains  of  the  same  species  differ  substantially  in  antigenic 
structure.  During  the  past  decade,  however,  detailed  study  of  E.  coll 
isolated  from  children  with  colienteritis,  so-called  enteropathogenlc 
E.  coll,  has  made  it  possible  to  assign  them  to  definite  serological 
types  on  the  basis  of  antigenic  differences  and  has  thus  facilitated 
development  of  bacteriological  diagnostic  methods. 

Study  of  the  antigenic  structure  of  enteropathogenlc  types  of  E. 
coli  has  shown  that  they  have  3  antigens:  1)  a  somatic  0  antigen;  2)  a 
superficial  (membrane,  capsular)  K  antigen  combining  a  number  of  differ¬ 
ent  antigens;  3)  a  flageller  H  antigen.  The  K  antigens  include  thermo- 
labile  L,  B,  and  Vi  antigens  and  thermostable  A  and  M  antigens.  In  con¬ 
trast  to  the  L,  B,  and  Vi  antigens,  the  A  and  M  antigens  retain  their 
ability  to  combine  with  the  corresponding  antibodies  when  the  culture 
is  heated.  The  K  antigens  inhibit  agglutination  of  E.  coli  in  the  cor¬ 
responding  0  antiserum,  so  that  detection  of  0  antibodies  requires  that 
the  culture  be  heated  at  100°  for  li-2  hr. 

Investigations  conducted  to  study  the  antigenic  structure  of  E. 
coll  and  its  pathogenicity  for  man  have  shown  that  strains  of  0  groups 
1-125  (following  Kaufman,  Knipshlldt,  and  Vein's  classification)  are 
Isolated  more  frequently  from  pathological  material  than  from  the 
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feces  of  healthy  persons.  Serotypes  0111,  055*  026,  086,  0127,  0l8a, 
0l8c,  0128,  0125,  0126,  044,  025,  and  0119  and  4  strains  Isolated  In  the 
Soviet  Union,  Nos.  408,  145,  9*  and  561,  have  been  described  as  causa¬ 
tive  agents  of  choloenterltls. 

Strains  of  E.  coll  Isolated  from  pathological  material  are  sero¬ 
logically  more  uniform  than  strains  isolated  from  fecal  matter.  They  are 
O-lnagglutlnable  and  a  substantially  higher  percentage  belongs  to  the 
first  25  0  groups  that  is  the  case  for  strains  from  normal  material.  E. 
coll  type  0111  has  been  isolated  from  the  blood,  pus  from  the  ears,  and 
the  duodenal  contents,  while  types  0111  and  055  have  been  isolated  from 
the  urine. 

Pathogenicity,  virulence,  and  toxin  formation 

Determination  of  the  pathogenic  properties  of  cultures  Isolated  In 
colibaclllosls.  The  virulence  and  dermatonecrotic  and  hemolytic  charac¬ 
teristics  of  E.  coll  are  studied  to  determine  its  pathogenic  properties. 
A  relationship  has  been  noted  between  the  hemolytic  and  dermatonecrotic 
properties  and  the  toxicity  of  colon  bacteria  isolated  in  diseases  of 
the  biliary  and  urinary  tracts  and  colibacillary  sepsis. 

Determination  of  virulence  and  dermatonecrotic  and  hemolytic  pro¬ 
perties  is  also  employed  to  characterize  enteropathogenic  E.  coli  iso¬ 
lated  in  Juvenile  enteritis.  No  correlation  has,  however,  been  estab¬ 
lished  between  the  pathogenicity  of  such  cultures  and  the  presence  of 
the  aforementioned  properties.  Thus,  the  type  of  E.  coli  most  pathogenic 
for  man,  0111 :B^,  does  not  have  pronounced  hemolytic  or  dermatonecrotic 
characteristics.  At  the  same  time,  type  026 :Bg,  which  is  less  pathogen¬ 
ic  for  man  and  is  capable  of  causing  diarrhea  in  calves,  has  intensive 
hemolytic  and  dermatonecrotic  properties.  The  pathogenic  properties  of 
enteropathogenic  E.  coll  are  apparently  manifested  predominantly  in 
their  capacity  to  survive  and  multiply  in  the  human  small  intestine,  an 
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ability  whose  extent  cannot  as  yet  be  determined  by  laboratory  tech¬ 
niques. 

Determination  of  the  virulence  of  E.  coll 

a)  Oral  inoculation  of  white  mice.  A  total  of  1-2  ml  of  a  two-bil¬ 
lion-cell  suspension  of  a  24-hr  culture  washed  from  an  agar  slant  is 
introduced  into  the  esophagus  of  a  white  mouse  with  a  slender  probe 
consisting  of  a  slightly  curved  Pasteur-pipette  capillary  connected  to 
a  syringe  with  a  fine  rubber  tube.  When  the  result  is  positive  the  ani¬ 
mal  develops  symptoms  of  acute  enteritis  (convulsions,  paralysis,  and 

.  * 

p>resls)  and  dies. 

b)  Intraperitoneal  inoculation  of  white  mice.  A  suspension  of  the 
culture  under  investigation  in  physiological  solution  is  injected  ln- 

traperitoneally  in  doses  of  100,  200,  and  500  million  and  1  and  1.5 
billion  cells,  each  dosage  being  administered  to  3-5  mice.  The  observa¬ 
tion  period  is  4  day3.  The  virulence  of  the  culture  is  determined  from 
the  dosage  in  millions  of  cells  which  produces  a  50#  mortality,  the  M 

(LDcn)jand  the  least  dosage  which  causes  all  the  inoculated  animals  to 
die*>u(lDCL). 

Strains  which  contain  a  thermolabile  antigen  are  more  toxic  for 
mice  than  strains  which  lack  such  antigens  (Kaufman). 

Derma tone erotic  properties  are  determined  with  the  aid  of  Gross ' 
intracutaneous  test.  A  total  of  0.1  ml  of  a  two-billion-cell  suspension 
of  bacteria  washed  from  an  agar  culture  is  injected  intracutaneously  in¬ 
to  an  area  of  shaved  skin  on  a  guinea  pig's  side  or  abdomen.  An  inflam¬ 
matory  infiltration  of  varying  severity,  which  passes  into  necrosis  of 
greater  or  lesser  intensity,  develops  in  positive  cases. 

The  hemolytic  properties  of  cultures  are  determined  by  the  follow¬ 
ing  methods : 

a)  Determination  of  hemolysis  on  a  solid  medium.  Cultures  are  made 
on  agar  to  which  1.5-2#  of  defibrinated  sheep  blood  has  been  added.  The 
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results  are  evaluated  In  the  usual  manner  after  24-48  hr  of  growth  at 

37°. 

b)  Determination  of  hemolysis  In  a  liquid  medium  by  Slesarevskiy 's 
method.  A  total  of  2-3  drops  of  defrlnltated  sheep  blood  Is  added  to  a 
24-hr  culture  In  peptone  water.  The  results  are  evaluated  after  the  sam¬ 
ple  has  been  kept  In  a  heater  at  37°  for  24-48  hr. 

c)  Wldholm's  method:  portions  of  1  ml  of  a  culture  grown  In  1% 
peptone  water  containing  0.5#  glucose  for  24  hr  are  poured  Into  test- 
tubes  and  diluted  with  physiological  solution  In  ratios  of  from  1:2  to 
1:128.  The  culture  content  accordingly  ranges  from  50%  to  0.8%.  To  each 
test-tube  Is  added  0.5  ml  of  a  2%  suspension  of  erythrocytes  washed 
twice  with  physiological  solution.  The  erythrocyte  control  consists  of 
0.5  ml  of  the  erythrocyte  suspension  and  1  ml  of  physiological  solution, 
while  the  medium  control  consists  of  0.5  ml  of  the  erythrocyte  suspen¬ 
sion  and  1  ml  of  the  nutritive  medium.  The  test-tubes  are  held  at  37° 
for  1  hr  and  at  room  temperature  for  1  hr  and  the  results  are  then  eval¬ 
uated. 

d)  Kaufman's  method:  sterile  horse  blood  is  mixed  with  10#  sodium 
citrate  in  a  proportion  of  10:1.  This  mixture  is  centrifuged  and  the 
erythrocytes  are  washed  three  times  In  physiological  solution.  Suffi¬ 
cient  physiological  solution  is  then  added  to  the  tube  containing  the 
erythrocytes  to  make  up  the  Initial  blood  volume. 

Portions  of  0.2  ml  of  the  erythrocyte  suspension  are  added  to  por¬ 
tions  of  2  ml  of  1%  peptone  In  slender  test-tubes.  The  tip  of  a  needle 
is  then  used  to  Introduce  a  20-hr  agar  culture  into  the  mixture  and  the 
tubes  are  Incubated  at  37°  for  48  hr.  The  results  are  noted  after  24-48 
hr,  since  hemolysis  Is  retarded  in  some  cases. 

E.  coll  forms  2  toxins:  one  is  an  exotoxln  and  is  neurotropic  and 
thermolabile.  It  decomposes  when  exposed  to  air,  a  characteristic  com- 
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mon  to  the  various  colon  bacteria.  Some  authors  attribute  the  hemolytic 
properties  of  E.  coll  to  the  functions  of  its  exotoxins.  The  seccnd  tox¬ 
in  is  an  endotoxin  and  corresponds  to  the  "complete  antigen. "  It  is 
thermostable  and  has  an  enterotroplc  action. 

Laboratory  Diagnosis  of  Collbaclllosls 
Material  for  examination;  taking  of  samples 

The  materials  used  for  examination  include: 

1)  feces  (reserved  in  Tyge's  solution)  in  diseases  accompanied  by 
symptoms  of  Intestinal  dysfunction  (simple  and  toxic  dyspepsia,  paren¬ 
teral  dyspepsia,  etc.). 

In  addition  to  the  feces,  in  severe  cases  of  collenteritls  vomi- 
tus  ?nd  mucous  from  the  mouth  and  nose  are  examined  for  pathogenic  bac¬ 
teria,  following  epidemiological  indications. 

The  contents  of  the  small  intestine,  blood  from  the  heart,  and 
pieces  of  organs  (the  liver,  spleen,  lungs,  kidneys,  and  the  intestinal 
lymph  nodes)  are  examined  in  the  case  of  patients  suspected  of  having 
died  of  collenteritls.  The  usual  technique  is  employed  in  taking  ma¬ 
terial  from  cadavers; 

2)  the  feces,  vomitus,  and  suspected  foodstuffs  are  examined  in 
food  poisoning; 

3)  the  urine,  which  is  collected  in  a  sterile  vessel  through  a 
sterile  catheter,  is  examined  in  affections  of  the  urinary  bladder  and 
ureters; 

4)  the  duodenal  contents,  which  are  sampled  with  a  duodenal  probe, 
are  examined  In  affections  of  the  gall  bladder  and  biliary  tract; 

5)  the  blood  is  examined  when  collbaclllary  sepsis  is  suspected. 
Bacteriological  examination 

Investigations  of  this  type  must  be  conducted  as  soon  as  possible 
after  the  onset  of  the  illness;  the  first  analysis  should  be  made  be- 
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fore  treatment  begins.  Since  the  causative  agent  can  be  cultured  from 
all  portions  of  the  feces,  use  of  rectal  tubes  for  talcing  samples  is 
not  recommended.  Fecal  matter  is  taken  directly  from  the  patient's  dia¬ 
per  or  bedpan. 

The  material  to  be  investigated  is  cultured  on  differential  media 
(Endo's  and  Levin's  media). 

In  view  of  the  fact  that  it  is  in  some  cases  difficult  to  make  a 
differential  diagnosis  among  colienteritis,  salmonellosis,  and  dysen¬ 
tery,  the  feces  are  cultured  on  bacterial  agar  Zh  or  Ploskirev's  medium, 
on  Wilson-Blair 's  medium,  and  on  a  concentration  medium  (5#  bile  broth 
or  Muller's  medium)  as  well  as  on  Endo's  and  Levin's  media. 

The  colonies  produced  on  the  solid  differential  media  are  evaluated 
and  studied  18-24  hr  after  Inoculation. 

Since  the  enteropathogenic  types  of  E.  coli  differ  from  so-called 
normal  colon  bacteria  in  their  antigenic  structure,  determination  of 
the  serological  properties  of  the  bacteria  isolated  is  of  basic  impor¬ 
tance  in  identifying  them.  Under  laboratory  conditions  the  subsequent 
course  of  the  examination  involves  the  following  stages: 

1.  Agglutination  of  the  colonies  produced  on  slides  with  a  series 
of  OB  sera  and  subsequent  Inoculation  of  agar  slants  with  the  colonies 
which  agglutinate. 

2.  Agglutination  of  the  cultures  on  slides  and  rough  agglutination 
with  live  and  boiled  cultures. 

3.  Study  of  the  enzymatic  properties  of  the  cultures  isolated. 

4.  No  fewer  than  10  different  types  of  colonies  from  each  dish 
should  be  tested  in  the  agglutination  reaction  on  slides.  A  mixture  of 
monovalent  OB  sera  from  different  types  of  E.  coli  (0111,  055,  026, 

086,  etc.  )  is  used  for  this  purpose.  Each  serum  being  taken  in  a  dilu¬ 
tion  of  1:10.  The  tests  are  first  conducted  with  mixtures  of  3-5  of  the 
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available  sera.  When  agglutination  occurs  3-5  of  the  colonies  which  ag¬ 
glutinated  are  cultured  on  agar  slants. 

Day-old  cultures  on  the  agar  slants  are  repeatedly  checked  for  ag¬ 
glutination  with  the  serum  mixture  and  tested  with  each  of  the  sera  in 
the  mixture  when  agglutination  occurs.  An  expanded  agglutination  reac¬ 
tion  is  set  up  with  any  serum  which  gives  a  positive  result.  Live  and 
boiled  (for  1-2  hr  in  a  water  bath  at  100°)  culture  washed  from  the 
agar  with  physiological  solution  is  used  as  the  antigen. 

The  agglutination  reaction  is  begun  at  a  dilution  of  1:100  and 
continued  to  a  dilution  of  1:6400-1:12,800. 

The  test-tubes  containing  the  suspension  of  live  culture  are  incu¬ 
bated  at  37*  for  2  hr  and  the  results  are  evaluated  on  the  following 
day  (the  tubes  are  kept  at  room  temperature  or  in  a  refrigerator  at  5°)- 
The  tubes  containing  the  heated  culture  are  incubated  at  37*  (50°  ac¬ 
cording  to  Kaufman)  for  20  hr  and  the  results  are  then  evaluated. 

It  must  be  emphasized  that  the  reaction  with  the  live  culture  in¬ 
dicates  only  the  presence  of  the  corresponding  K  antigen  (Bg,  or 
B^)  and  cannot  be  used  as  a  basis  for  assigning  the  strain  isolated  to 
a  definite  0  group.  The  final  evaluation  is  made  from  the  results  of 
test-tube  agglutination  with  the  heated  culture. 

When  the  result  is  positive  the  live  culture  yields  large-grained 
agglutination  in  a  dilution  of  1:200-1:400  and  the  heated  culture  pro¬ 
duces  fine-grained  agglutination  in  a  dilution  of  1:800-1 :1600  (which 
corresponds  to  3/4  of  the  serum  0-antigen  titre).  This  confirms  that 
the  culture  belongs  to  the  type  corresponding  to  the  CB  serum. 

If  agglutination  is  fine-grained  in  character  and  is  equally  in¬ 
tensive  with  the  live  and  heated  cultures  (at  dilutions  of  up  to  3/4  of 
the  serum  0-antigen  titre)  the  culture  belongs  to  the  corresponding  0 
group.  This  phenomenon  is  observed  when  the  culture  contains  little  or 


no  B  antigen,  but  such  cultures  are  rarely  encountered. 

When  agglutination  does  not  take  place  with  the  heated  culture  the 
bacterium  belongs  to  another  0  group.  Agglutination  with  low  tltres  of 
the  heated  culture  is  possible  whon  there  is  an  antigenic  similarity 
between  the  culture  Isolated  and  the  0  group  of  another  species  of  coil- 
form  bacteria.  The  results  must  be  evaluated  as  negative  in  such  cases. 
Determination  of  the  nature  of  the  culture  requires  additional  study, 
employing  cross-adsorption  of  agglutinins  with  cultures  of  various  spe¬ 
cies  of  the  collform  group. 

When  cultures  taken  from  the  dishes  containing  differential  media 
prove  to  be  agglutinable,  they  are  simultaneously  subjected  to  test- 
tube  agglutination  and  to  culturing  on  nutritive  media  containing  car¬ 
bohydrates  (a  composite  series)  and  in  columns  of  semiliquid  agar,  in 
order  to  determine  their  mobility  and  to  preserve  them. 

For  more  detailed  study  and  identification  of  the  E.  coli  cultures 
isolated,  Ewing  has  proposed  a  complete  examination,  which  consists  in: 

1)  agglutination  of  live  bacteria  on  slides  with  QB  and  0  antisera 
A  certain  enteropathogenic  types  of  E.  coll; 

2)  agglutination  of  killed  emulsions  on  slides  with  the  same  OB  and 
0  antisera; 

3)  test-tube  agglutination  of  heated  cultures  with  0  sera  in  order 
to  confirm  their  O-antigen  group; 

4)  agglutination  on  slides  with  adsorbed  0  sera  in  order  to  differ¬ 
entiate  the  O-antigen  groups  and  to  determine  the  components  of  the  0- 
antigen  fractions  within  these  groups; 

5)  titration  of  K  (B)-antlgenic  suspensions  with  K  (GB)-antisera 
(in  test-tube  agglutination); 

6)  determination  of  H  antigens. 

Complete  examination  of  cultures  in  accordance  with  this  scheme  is 
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not  necessary  under  practical  laboratory  conditions  and  is  possible  on¬ 
ly  In  specialized  laboratories.  It  necessitates  having  available  OB  se¬ 
ra,  which  are  obtained  by  immunizing  rabbits  with  live  or  killed  cul¬ 
tures  of  enteropathogenlc  E.  coll,  0  sera,  which  are  obtained  from 
heated  cultures  containing  0  antigen,  and  H  sera. 

In  order  to  determine  the  0-antigen  oontent  the  culture  under  In¬ 
vestigation  is  heated  at  100“  for  1-2  hr  and  an  O-agglutination  reac¬ 
tion  is  set  up.  The  results  are  evaluated  after  incubating  the  test- 
tubes  at  37*  for  20  hr  {after  incubation  in  a  water  bath  at  50°  for  20 
hr  according  to  Kaufman). 

It  is  helpful  to  use  a  mixture  of  0  sera,  l.e.,  several  polyvalent 
sera  each  containing  monovalent  0  sera.  The  combination  of  0  groups  in 
the  mixture  can  be  selected  in  such  fashion  as  to  avoid  group  reactions. 

Determination  of  the  H  antigen  makes  it  possible  to  detect  strains 
with  different  H  antigens  within  a  serological  type.  Thus,  two  differ¬ 
ent  antigens,  H2  and  H12,  have  been  found  in  0  group  111,  while  antigen 
Hg  has  been  detected  in  strains  of  0  group  55  isolated  from  enteritis 
patients.  Determination  of  the  H  antigens  of  E.  coll  cultures  enables 
us  to  use  this  characteristic  in  epidemiological  analysis  (detection  of 
epidemiological  chains). 

In  order  to  determine  the  H  antigen  of  a  culture  which  is  not  suf¬ 
ficiently  labile  it  must  be  passed  through  semlllquld  agar,  which  in¬ 
creases  its  lability.  This  is  done  by  alternate  culturing  in  U-tubes 
containing  0.1%  agar  (18-20  hr)  and  broth  (4-5  hr).  When  necessary  this 
transplantation  is  repeated  2  or  3  times,  until  the  culture  acquires 
the  requisite  lability.  H  antigens  are  deterrined  in  the  usual  manner, 
using  a  serum  mixture  consisting  of  several  monovalent  H  sera,  as  sug¬ 
gested  for  determination  oof  0  antigens. 

A  rough  result  can  be  ootained  by  agglutination  on  slides  with  the 
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mixture  and  then  with  each  of  Its  constituent  monoreceptor  sera.  Test- 
tube  agglutination  is  then  carried  out,  with  incubaticn  in  a  water  bath 
at  50*  for  2  hr,  and  the  results  are  evaluated.  A.K.  Baltrashevlch  has 
developed  a  simplified  methc.l  of  determining  H  antigens.  This  technique 
utilizes  semiliquid  0.3#  agar  in  Hottinger's  broth  or  meat-infusion 
broth  to  which  sufficient  monoreceptor  serum  has  been  added  that  the 
final  serum  dilution  is  1:500  and  the  serum  titre  is  greater  than  1:6400. 
The  lability  of  the  bacteria  is  preliminarily  determined  in  cultures  in 
semlllquld  agar.  When  growth  is  diffuse,  l.e.,  when  the  culture  is  la¬ 
bile,  stab  transplants  are  made  directly  from  the  semlllquld  agar  to  a 
series  of  test-tubes  containing  semlllquld  agar  to  which  various  mono¬ 
receptor  H  sera  have  been  added.  The  results  are  evaluated  after  incuba¬ 
tion  at  room  temperature  for  1  day.  Where  the  culture  corresponds  to 
the  H  antigen  in  the  test-tube  it  grows  after  the  fashion  of  nonlablle 
cultures,  l.e.,  only  along  the  stab.  Growth  in  the  other  test-tubes  is 
diffuse,  clouding  the  entire  medium. 

Complete  serological  typing  of  cultures  isolated  in  Juvenile  coli- 
enteritis  permits  precise  determination  of  their  antigenic  structure. 
Following  the  International  classification,  these  types  can  be  desig¬ 
nated  as  Out:  B«:  Ht.  OIII:B»:H„,  055  :  B,:  H*  026 :  H„  ,  etc. 

Preparation  of  sera.  QB  sera.  CE  sera  are  produced  by  immunizing 
rabbits  with  cultures  containing  a  well-developed  B  antigen.  Individual 
colonies  of  the  same  strain  may  differ  substantially  in  their  content 
of  B  antigen  and  it  is  consequently  recommended  that  the  strain  be  pre¬ 
liminarily  cultured  on  dishes  containing  meat-infusion  agar  and  0. 
glucose,  then  selecting  colonies  after  24  hr. 

Rabbits  are  immunized  with  cultures  which  have  been  raised  on 
meat -infusion  agar  slants  containing  Q.1%  glucose  and  washed  off  with 
physiological  solution. 
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The  cultures  are  injected  intravenously  in  doses  of  250,  500, 

1000,  1500,  and  2000  million  cells  at  intervals  of  one  week.  During 
Immunization  the  rabbits  receive  alternate  injections  of  heated  and 
live  cultures,  as  well  as  injections  of  formallnized  cultures  (exposed 
to  0.5#  formalin  at  room  temperature  for  24  hr).  Immunization  with  the 
alcohol-acetone  vaccine  proposed  by  Rashka  and  used  by  Zatsepin  is  also 
widely  employed  in  practice. 

In  this  technique  an  equal  volume  of  96*  ethyl  alcohol  is  added 
to  the  washings  from  an  agar  culture.  The  mixture  is  Incubated  in  a 
heater  at  37*  for  4  hr  and  centrifuged  and  the  residue  is  washed  twice 
with  acetone  and  placed  in  a  heater  to  dry.  The  dry  bacterial  mass  is 
crushed  to  a  powder  and,  before  immunization,  suspended  in  physiologi¬ 
cal  solution  by  comparison  with  an  optical  standard.  The  immunization 
scheme  is  similar  to  that  described  above. 

0  sera.  In  order  to  obtain  0  sera  cultures  are  grown  for  24  hr  on 
meat-infusion  agar  (pH  «■  7. 4-7*6),  washed  off  with  physiological  solu¬ 
tion,  and  boiled  for  hr. 

The  immunization  scheme  is  the  same  as  for  OB  sera.  The  antibody 
tltre  should  not  be  less  than  1:3200.  Since  0  sera  may  contain  anti¬ 
bodies  to  the  B  antigen,  titration  fe  carried  out  to  determine  the  work¬ 
ing  dilution  at  which  the  serum  produces  clear  agglutination  with  a 
heated  culture  but  not  with  a  live  culture. 

H  sera.  In  order  to  prepare  H  serum  the  culture  Is  preliminarily 
passed  through  U-tubes  in  order  to  increase  its  lability.  It  is  then 
transplanted  to  Hottlnger's  broth  and  incubated  in  a  heater  at  37®  for 
4  hr.  The  lability  of  the  bacteria  is  checked  microscopically.  A  total 
of  0.5#  of  formalin  is  added  to  the  broth  culture.  The  vaccine  thus  ob¬ 
tained  is  administered  intravenously  to  rabbits  in  Increasing  doses 
(from  0.25  to  2.5  ml)  at  4-day  intervals  .  In  order  to  remove  the  0  and 
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B  antibodies  from  the  serum  it  is  adsorbed  with  homologous  cultures 
heated  at  100*  for  one  hr. 

Bacteriological  examination  in  collbaclllary  sepsis 

When  there  is  a  suspicion  of  collbaclllary  sepsis  10-20  ml  of  ven¬ 
ous  blood  is  cultured  in  a  flask  containing  100-200  ml  of  20£  bile 
broth  and  incubated  in  a  heater  at  37®  for  48  hr.  Material  is  trans¬ 
planted  from  the  broth  to  differential  media  after  the  culture  has  been 
Incubated  for  24  and  48  hr. 

Bacteriological  examination  In  diseases  of  the  biliary  and  urinary 
tracts  and  peritonitis.  The  urine,  duodenal  contents,  and  peritoneal 
exudate  are  cultured  directly  on  Levin’s  medium,  Endo's  medium,  etc., 
as  well  as  on  bile  broth.  Transplants  are  made  from  the  bile  broth  to 
solid  differential  media  after  24  and  48  hr  of  incubation  in  a  heater 
at  37*.  The  remainder  of  the  analysis  is  intended  to  identify  E.  coli 
and  its  varlatles. 

Bacteriological  examination  in  food  poisonings  of  a  collbaclllary 
nature.  Cultures  are  made  on  Endo's  medium  or  other  differential -diag¬ 
nostic  media  and  then  identified  by  the  usual  method  (see  page  405). 

The  biochemical  and,  especially,  the  serological  properties  of  the 
E.  coll  cultures  isolated  are  subjected  to  careful  study,  which  permits 
more  complete  characterization  of  their  antigenic  structure  and  com¬ 
parison  of  strains  isolated  from  different  sources. 

Serological  investigation 

The  blood  of  some  children  suffering  from  colienteritis  exhibits 
specific  serological  changes  (formation  of  agglutinins  to  enteropatho- 
genic  E.  coli  of  the  corresponding  type).  Although  agglutinin  formation 
is  noted  in  only  a  small  percentage  (up  to  3 Ofi)  of  Juvenile  colienteri¬ 
tis  patients,  the  agglutinin  titre  remaining  low  in  the  majority  of  ca¬ 
ses,  attempts  have  been  made  to  utilize  the  agglutination  reaction  for 

t 
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diagnostic  purposes  In  both  Juvenile  and  adult  patients  and  carriers. 

The  agglutlnatln  reaction  is  set  up  with  live  and  killed  cultures 
of  enteropathogenic  E.  coll,  or  a  strain  isolated  from  the  patient. 

In  view  of  the  low  agglutinin  tltres  observed,  especially  in  chil¬ 
dren,  The  reaction  is  begun  at  low  dilutions  (1:10,  1:20).  The  B-agglu- 
tinin  reaction  is  evaluated  after  the  serum  and  live  culture  have  been 
incubated  for  2  hr  at  37*  and  then  kept  at  room  temperature  for  18-20 
hr.  Determination  of  the  0-antibody  content,  which  is  carried  out  after 
the  serum  and  killed  culture  have  been  incubated  for  18-20  hr  at  37° 

{it  50*  according  to  Kaufman),  is  of  special  importance. 

The  H  antibodies  are  determined  after  the  serum  has  been  in  con¬ 
tact  with  a  formallnized  (0.5#)  culture  at  50*  for  two  hr. 

It  is  recommended  that  repeated  investigations  be  conducted 
throughout  the  illness  to  evaluate  the  dynamics  of  the  increase  in  ag¬ 
glutinins  to  E.  coll. 

Hemagglutination  reaction.  In  order  to  prepare  the  antigen  the 
strains  in  question  are  grown  on  meat -Infusion  agar  at  37*  for  18-20  hr. 
The  growth  obtained  is  washed  off  with  physiological  solution  and  the 
resultant  suspension  is  brought  to  a  concentration  of  2  billion  cells 
per  ml  and  boiled  for  2  hr. 

Erythrocytes  washed  3  times  in  physiological  solution  are  mixed 
with  a  quantity  of  heated  bacterial  suspension  (1-2  hr  at  100°)  such 
that  the  erythrocyte  concentration  equals  2.5#*  After  thorough  shaking 
the  mixture  is  placed  in  a  water  bath  at  37*  for  30  min.  The  suspenslon- 
trfated  (modified)  erythrocytes  are  then  washed  3  times  in  physiologi¬ 
cal  solution  to  obtain  a  clear  liquid;  this  is  done  to  remove  the  ex¬ 
's  antigen,  which  may  hamper  hemagglutination  or  hemolysis.  The  sus¬ 
pension  of  treated  erythrocytes  (in  portions  of  0.2  ml)  is  added  to 
0.2  ml  portions  of  different  dilutions  of  serum  obtained  from  Immunized 
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rabbits  or  from  patients.* 

The  mixtures  are  placed  In  a  water  bath  at  37°  for  30  min  and  then 
centrifuged  for  1-2  min  at  approximately  1000  rpm.  The  agglutination  Is 
evaluated  Immediately. 

The  reaction  is  accompanied  by  the  following  controls:  l)  antigen 
specificity;  2)  erythrocytes;  3)  serum. 

In  the  hemolytic  modification  of  this  method  guinea  pig  complement 
diluted  to  1:20  (In  0.1  ml  portions)  Is  added  to  the  treated  erythrocytes 
and  serum.  The  hemolysis  Is  evaluated  after  Incubation  at  37*  for  30  min. 
It  Is  also  possible  to  prolong  the  Incubation  to  2  hr  and  then  centri¬ 
fuge  the  mixture,  the  result  being  evaluated  from  the  state  of  the  upper 
layer. 

Centrifugation  method.  This  method  was  proposed  In  an  attempt  to 
Increase  the  sensitivity  and  specificity  of  the  agglutination  reaction. 
Inactivated  sera  are  used.  In  order  to  determine  0  antibodies  a  heat- 
killed  20-hr  broth  culture  is  added  to  serial  dilutions  of  the  serum; 
a  formallnlzed  culture  is  added  for  determination  of  B  agglutinins.  The 
test-tubes  are  incubated  at  37°  for  2  hr  and  centrifuged  at  3000  rpm 
for  10  min;  the  results  are  then  evaluated. 

Accelerated  methods  for  laboratory  diagnosis  of  collenterltls . 

Since  ordinary  bacteriological  examination  Is  quite  laborious  in 
collenterltls,  positive  results  not  being  obtained  until  3  days  after 
the  material  Is  taken,  investigations  have  been  undertaken  for  the  pur¬ 
pose  of  developing  accelerated  methods  for  the  laboratory  diagnosis  of 
collenterltls. 

Q.O.  Yezhova  has  worked  out  an  accelerated  method  involving  reduced 
culturing  time,  centrifuging,  and  determination  of  agglutinative  pro¬ 
perties. 

The  material  under  Investigation  Is  cultured  on  Endo's  medium  in 
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dishes.  After  growing  for  18  hr  at  37°  colonies  are  selected  by  rough 
agglutination  on  slides  with  a  mixture  of  QB  sera.  Those  colonies  which 
agglutinate  are  cultured  on  agar  slants  (pH  -  7«2)  and  In  test-tubes 
containing  2  ml  of  Hottlnger's  broth  (pH  -  7-2).  As  much  material  as 
possible  Is  used  In  the  cultures  and  the  media  are  preliminarily  heated. 
After  Incubation  In  a  heater  at  37*  for  3  hr  *:he  cultures  from  the  agar 
slants  are  types  on  slides  and  those  whose  serotypes  can  be  determined 
are  subjected  to  expanded  agglutination  with  a  live  bacterial  suspen¬ 
sion  In  physiological  solution  and  a  broth  culture  heated  at  100°  for 
1  hr.  The  reactions  are  accompanied  by  culture  and  serum  controls.  The 
test-tubes  are  kept  in  a  heater  at  37°  for  45  min  and  then  centrifuged 
at  2500  rpm  for  10  min.  The  results  are  evaluated  after  centrifuging. 

Results  can  be  obtained  within  24  hr  with  this  technique,  as  com¬ 
pared  to  72  hr  for  the  usual  method. 

The  luminescent -antibody  method  Is  based  on  detection  of  an  antigen 
treated  with  specific  fluorescent  serum  by  luminescence  microscopy. 
Clinical  material  Is  examined  in  the  following  manner.  Material  taken 
from  the  patient  Is  cultured  on  slants  of  Endo's  medium  In  test-tubes 
and  smears  are  prepared  directly  from  feces.  The  smears  are  subsequent¬ 
ly  processed  by  the  usual  method. 

The  analysis  Is  regarded  as  positive  when  no  fewer  than  1-2  bright¬ 
ly  luminescing  (principally  at  the  periphery)  greenish  cells  are  de¬ 
tected  in  each  field  of  view  (Fig.  14). 

This  technique  requires  24  hr;  Its  sensitivity  varies  from  500  to 
500,000  bacteria  In  the  volume  under  Investigation,  depending  on  the 
antigenic  characteristics  of  the  strains  and  the  number  of  extraneous 
bacteria.  Such  an  analysis  must  be  conducted  in  parallel  with  the  or¬ 
dinary  bacteriological  procedure  for  laboratory  diagnosis  of  colien- 
terlt Is. 
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The  trlphenyltetrazolium  chloride  (TTC)  method  (Kraus)  Is  based  on 
the  reduction  of  trlphenyltetrazolium  chloride,  which  is  an  oxidation- 
reduction  Indicator,  under  the  action  of  the  dehydrogenase  formed  during 
bacterial  growth.  The  latter  is  converted  from  a  colorless,  soluble, 
toxic  substance  to  trlphenyltetrazolium  formasan,  which  is  nontoxic,  in¬ 
soluble,  and  a  deep  cherry  red  in  color. 

Pea -sized  pieces  of  fecal  matter  are  placed  in  a  test-tube  con¬ 
taining  2-3  ml  of  distilled  water.  The  fecal  suspension  is  shaken  and 
left  to  settle  for  10-15  min.  The  material  to  be  cultured  is  taken  ;from 
the  supernatant,  avoiding  pieces  of  mucous  and  fecal  matter,  and  1  or  2 
drops  are  Introduced  into  test-tubes  containing  TTC  broth  to  which  4 
drops  of  different  OB  sera  have  been  added  (one  serum  in  each  tube). 

The  sera  are  preliminarily  diluted  to  1:5  with  physiological  solution. 

A  control  culture  is  made  in  a  tube  containing  TTC  broth  but  no  serum. 
All  the  tubes  are  incubated  in  a  heater  at  37*  for  8-12  hr  and  the  re¬ 
sults  are  then  evaluated. 

When  the  result  is  positive  a  coarse-  or  fine-grained  cherry-red 
agglutinate  forms,  settling  to  the  bottom  of  the  tube  to  leave  a  clear 
supernatant.  I 

When  the  result  is  negative  the  medium  acquires  a  cherry  red  color 
and  is  clouded  by  the  colored  precipitate,  so  that  the  supernatant  does 
not  become  clear. 

It  is  possible  to  obtain  results  within  8  hr  when  this  technique 

t 

is  used  for  diagnosing  colienteritis;  however,  the  fact  that  a  positive 
result  is  obtained  by  agglutination  of  the  live  culture  makes  iu  im¬ 
possible  to  determine  its  serological  type  from  its  0  antigen.  Kraus' 
method  can  consequently  be  recommended  only  as  a  rough' or  biliary  tech¬ 
nique  for  diagnosing  colienteritis. 
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Nutritive  Media 


2,  3.  5-trlphenyltetrazollum  chloride  broth.  A  total  of  1  liter  of 
distilled  water  Is  poured  over  500  g  of  beef  cleaned  of  fat,  tendons, 
and  connective  tissue  and  1#  of  peptone  and  0.5  of  sodium  chloride  are 
added.  This  mixture  is  boiled  for  2^-3  hr  and  its  pH  is  then  adjusted 
to  6. 2-6.4.  The  broth  is  filtered  and  sterilized  in  running  steam  or 
under  a  pressure  of  1.5  atm  for  30  min.  A  sterile  2%  aqueous  solution 
of  2,  3,  5-trlphenyltetrazollum  chloride  Is  added  to  the  sterile  meat 
broth  In  a  quantity  of  11  ml  per  100  ml  of  broth.  The  TTC  solution  is 
.  .-epared  under  sterile  conditions  in  distilled  water  with  a  pH  close  to 
‘he  neutral  point.  The  medium  is  then  poured  into  sterile  test-tubes  in 
2  ml  portions  and  is  readied  for  use.  It  is  not  sterilized  after  the 
TTC  has  been  added. 

TTC  broth  is  sensitive  to  the  action  of  light  and  heat  and  should 
be  stored  in  a  cold,  dark  place. 

CHOLERA 

T.D.  Fadeyeva,  Candidate  of  Medical  Sciences 

The  causative  agent  of  Asiatic  cholera  is  V.  cholerae  asiaticae 
(Vibrio  comma  in  the  modern  nomenclature). 

Morphology  of  Vibrio  comma 

Vibrio  comma  is  a  slightly  curved,  comma -shaped  rod  ranging  from 
1  to  4  p,  in  length  and  from  0.2  to  0.4  p  in  width.  These  bacteria  occur 
singly,  in  pairs,  and  in  parallel  rows  resembling  two  arcs  facing  in  the 
same  direction,  circles,  the  letter  S,  or  a  school  of  fish. 

Vibrio  commt  has  a  typical  shape  and  a  characteristic  arrangement 
in  stained  spheres  prepared  from  fecal  matter,  vomitus,  the  intestinal 
mucosa  of  cadavers,  or  nutritive  media  inoculated  with  these  materials; 
this  substantially  facilitates  the  diagnosis  of  cholera.  Rod-like, 
coccal,  spherical,  and  filamentous  forms  are  encountered  together  with 
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the  typical  form  In  stained  smears  prepared  from  nutritive  media  inocu¬ 
lated  with  laboratory  strains  of  V.  comma.  This  bacterium  has  a  single 
terminal  flagellum,  which  gives  It  great  mobility.  V.  comma  is  aerobic, 
gram-negative,  and  easily  stained  with  all  analine  dyes.  It  has  neither 
spores  nor  a  capsule. 

Biology  of  Vibrio  comma;  cultural  characteristics 

A  growth  of  V.  comma  can  be  detected  on  solid  nutritive  media  with¬ 
in  10-12  hr  after  culturing.  Very  small,  colorless,  transparent  colo¬ 
nies  appear  on  alkaline  agar  at  this  time.  After  20-24  hr  such  colonies 
are  small  (1-1. 5  mm  in  diameter),  transparent,  smooth  or  slightly  gran¬ 
ular,  and  uniform  In  contour.  Older  colonies  are  larger  and  flatter, 
have  a  slightly  depressed  center,  and  are  granular  and  nonuniform  in 
contour. 

A  lustrous,  smooth,  semitransparent  growth  with  a  grayish-blue  or 
slightly  creamy  color  appears  on  alkaline-agar  slants  within  24  hr.  This 
growth  becomes  creamy  or  yellowish-brown  as  it  ages.  After  24  hr  in  al¬ 
kaline  broth  V.  comma  produces  a  uniform  cloudiness,  a  light  powdery 
precipitate,  and  a  delicate  flocculant  film  with  a  whitish-gray  color. 
The  film  later  becomes  coarser  and  denser  and  settles  to  the  bottom  in 
large  flakes  and  compact  granules.  After  6-8  hr  in  peptone  water  V.  com¬ 
ma  produces  a  scarcely  noticeable,  delicate  bluish  film  and  a  slight 
cloudiness.  When  the  test-tube  is  carefully  tilted  the  film  is  clearly 
visible  on  the  surface  of  the  glass. 

The  biochemical  activity  of  V.  comma  is  very  diverse  and  some  of 
its  biochemical  properties  are  of  diagnostic  value.  It  liquefies  gela¬ 
tin  to  form  a  funnel  with  an  air  bubble  at  the  top,  clabbers  milk  (af¬ 
ter  24-28  hr),  and  yields  a  positive  nltrosoindol  reaction  (cholera  red 
test)  as  a  result  of  its  ability  to  form  indol  and  to  reduce  nitrates 
to  nitrites.  It  forms  acid  but  no  gas  in  Hiss'  media  containing  glucose, 
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mannose,  maltose,  sucrose,  and  mannitol  and  does  not  affect  media  con¬ 
taining  arablnose  or  dulcitol.  True  V.  comma  decomposes  mannose,  su¬ 
crose,  and  starch  over  a  24-hr  period,  but  leaves  arablnose  unchanged 
(Heiberg).  It  gives  a  negative  Foges-Proskauer  reaction  and  does  not 
hemolyze  sheep  erythrocytes. 

Resistance  to  physical  and  chemical  agents 

V.  comma  is  very  sensitive  to  the  action  of  light,  high  tempera¬ 
tures,  dessication,  and  chlorine.  Direct  sunlight  kills  It  within  a 
few  hours.  In  a  moist  environment  it  dies  within  half  an  hour  at  56°, 
w!thln  5  min  at  80°,  and  Instantaneously  at  100*.  It  is  killed  within 
15  min  by  water  containing  1  mg/liter  of  active  chlorine  (when  the  con¬ 
tent  of  organic  substances  is  low).  V.  comma  is  comparatively  more  re¬ 
sistant  to  low  temperatures.  It  can  survive  for  several  days  at  -5°  and 
some  strains  are  capable  of  withstanding  still  lower  temperatures  (-10 
and  -31°),  surviving  for  prolonged  periods  in  snow  and  ice. 

Disinfectants  and  highly  dilute  acids  quickly  kill  V.  comma.  Mer¬ 
curic  chloride  in  a  solution  of  1:1000  causes  it  to  die  instantaneously 
In  media  not  containing  proteins,  1$G  phenol  produces  death  within  5  min, 
and  sulfuric  acid  in  a  dilution  of  1:10,000  kills  it  within  a  few  se¬ 
conds. 

The  ability  of  V.  comma  to  survive  In  the  external  world,  es¬ 
pecially  in  water,  is  of  great  epidemiological  significance.  An  impor¬ 
tant  role  in  this  respect  is  played  by  biological  factors  (antibiosis 
and  bacteriophagla),  which  can  increase  or  reduce  the  resistance  of  V. 
comma.  This  bacterium  can  survive  for  several  weeks  or  even  months  in 
open  bodies  of  water,  for  3-5  days  in  flowing  water,  for  19  days  in 
sewage,  and  for  106  days  in  cesspools.  It  lives  for  up  to  3  days  in 
fresh  feces  and  for  several  months  in  fecal  matter  kept  at  low  tempera¬ 
tures.  V.  comma  survives  for  from  8  hr  to  13  days  in  material  contam- 
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lnated  with  the  feces  of  cholera  patients  (for  several  weeks  In  moist 
material).  The  survival  time  of  this  bacterium  In  foodstuffs  (fruits 
and  vegetables)  varies  especially  widely,  ranging  from  1  to  30  days. 
Variability 

Variability  is  observed  In  V.  comma  grown  on  nutritive  media.  In 
the  human  body,  and  in  the  external  environment,  being  manifested  In 
changes  In  Its  morphological,  cultural,  biochemical,  serological,  and 
other  characteristics.  The  variability  of  cultural  characteristics 
takes  the  form  of  changes  in  the  structure  of  the  colonies  and  the  man~ 
ner  in  which  they  grow  on  liquid  nutritive  media.  The  normal  type  of 
colony  for  V.  comma  is  the  smooth  S  form,  which  dissociates  to  form  a 
smooth  .3  form  and  a  rough  R  form.  S-form  colonies  are  round  and  trans¬ 
parent,  having  a  uniform  contour  and  a  smooth  surface.  The  rough  R  form 
consists  of  cloudy  colonies  with  an  irregular  surface  and  a  nonuniform 
contour.  Variability  of  the  cultural,  biochemical,  and  serological  pro¬ 
perties  of  V.  comma  is  observed  in  patients  who  have  recovered  from 
cholera  and  in  carriers  at  the  beginning  and  end  of  epidemics.  In  such 
uases  it  leads  to  isolation  of  rough  R  variants  with  an  altered  sensi¬ 
tivity  to  bacteriophage,  inagglutinable  strains,  and  strains  which  he- 
molyzed  sheep  erythrocytes 

Vlbro  paracholerae.  V.  paracholerae  (V.  pseudocholerae,  V.  gindha) 
is  similar  to  V.  comma  in  its  morphological  and  cultural  characteris¬ 
tics  and  certain  of  its  biochemical  properties  and  has  the  same  H  an¬ 
tigen.  It  occurs  in  various  bodies  of  water  and  in  humans,  animals, 
birds,  fish,  and  crustaceans.  Aquatic  vibrio,  which  live  in  water,  can 
be  divided  into  three  groups:  alkali -forming,  inactive,  and  acid-form¬ 
ing.  Only  the  acid-forming  group  is  of  diagnostic  significance,  includ¬ 
ing  both  V.  paracholerae  and  V.  comma. 

El  Tor  vibrio.  The  El  Tor  vibrio,  which  was  isolated  by  Qotsch- 
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lich  In  1905  at  the  El  Top  quarantine  station,  differs  from  V.  comma  in 
the  fact  that  it  hemolyzes  goat  erythrocytes.  This  characteristic  is 
assicoated  with  secredon  of  the  same  hemotoxin  produced  by  V.  para- 
cholerae  and  certain  researchers  consequently  assign  this  bacterium  to 

the  latter  species.  The  majority  of  investigators  now  recognize  it  as 

* 

identical  to  V.  comma. 

Antigenic  structure 

V.  comma  is  not  serologically  uniform,  consisting  of  types  with 
common  and  individual  antigens.  Japanese  authors  (1913)  sudlvlded  V. 
lrto  three  serological  types:  an  original  type  (the  Inaba  strain,  a 
varient  the  Ogawa  strain),  and  an  intermediate  type  (the  Hlkosima 
strain).  All  these  types  have  two  antigens,  a  somatic  0  antigen  and  a 
flaggeler  H  antigen.  V.  comma  and  V.  paracholerae  differ  from  the  other 
members  of  the  vibrio  group  in  their  H  antigen  and  from  one  another  in 
their  0  antigens,  forming  six  subgroups  according  to  Gardner  and  Ven- 
katerraen.  The  true  V.  comma  belongs  to  subgroup  1-0. 

Burroughs  subdivided  V.  comma  into  four  Immunological  types  in 
accordance  with  the  components  making  up  the  0  antigen:  A,  AB  (corres¬ 
ponding  to  the  Ogawa  strain,  AC  (corresponding  to  the  Inaba  strain), 
and  ABC  (corresponding  to  the  Hlkosima  strain).  Of  the  components  of  the 
0  antigen  (A,  B,  C,  D,  and  E),  only  component  A  is  specific  to  V.  comma, 
the  others  being  encountered  in  V.  paracholerae  as  well. 

Pathogenicity  and  virulence 

V.  comma  is  pathogenic  for  man  and  causes  cholera  in  some  animals 
(pigs,  susliks,  rabbits,  puppies,  and  kittens)  only  under  artificial 
conditions.  This  bacterium  produces  a  complex  toxin  consisting  of  an 
exotoxin  and  an  endotoxin.  The  former  separates  from  the  latter  under 
special  conditions,  regardless  of  whether  or  not  the  cell  is  broken 
down.  In  addition  to  this  toxin,  V.  comma  produces  hyalurodinicase  and 

-  425  - 


flbrlnolysln.  Its  virulence  varies  substantially  and  can  be  established 
roughly  In  guinea  pigs. 

Laboratory  Diagnosis  of  Cholera 

Bacteriological  examination  Is  one  of  the  basic  anticholera  tech¬ 
niques,  permitting  precise  diagnosis  of  the  disease  by  Isolation  and 
Identification  of  the  causative  agent  and  thus  facilitating  the  prompt 
employment  of  prophylactic  measures.  Such  examinations  are  carried  out 
for  diagnostic  purposes,  to  detect  carriers,  and  to  establish  the  vec¬ 
tors  of  the  Infection.  Cholera  has  now  been  eliminated  In  the  Soviet 
Union,  but  we  must  always  take  Into  account  the  possibility  of  Its  be¬ 
ing  brought  In  from  abroad. 

Material  for  examination;  taking  of  samples 

Feces,  vomltus,  the  Intestinal  and  gall-bladder  contents  of  cada¬ 
vers,  water,  foodstuffs,  material  washed  from  environmental  objects, 
flies,  etc.,  are  examined.  Samples  of  feces  and  vomltus  are  taken  be¬ 
fore  administration  of  cholera  bacteriophage.  They  are  collected  In 
•ottles  or  other  vessels  and  10-20  ml  portlcns  are  transferred  to  glass 
Jurs  with  a  metal  spatula  or  spoon.  The  Jars  are  stoppered,  sealed  with 
paraffin  or  wax,  and  covered  with  two  layers  of  parchment  paper,  tying 
each  layer  separately.  Vessels  employed  to  collect  feces  are  washed 
with  boiling  water  and  used  Jars  are  sterilized  in  an  autoclave  or  by 
boiling.  A  tag  bearing  the  requisite  data  Is  tied  to  each  Jar  contain- 
inlng  material.  When  necessary  material  can  be  taken  from  the  rectal 
mucosa  with  a  sterile  gauze  pad. 

When  no  feces  are  available  pieces  of  contaminated  bedding  or  un¬ 
derwear  can  be  examined. 

In  examining  healthy  persons  to  detect  carriers  a  laxative  (25- 
30  g  of  sodium  sulfate  or  magnesium  sulfate)  is  administered  and  the 
feces  are  collected  In  the  usual  manner.  In  mass  examinations  the  fecal 
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samples  are  taken  with  well-flamed  sterile  thick-walled  glass  tubes, 
which  are  Inserted  to  a  depth  of  3-4  era.  After  It  has  been  withdrawn 
the  tube  is  immersed  In  a  test-tube  or  flask  containing  a  small  quanti¬ 
ty  of  peptone  water.  The  entire  emulsion  thus  obtained  is  cultured  in 
peptone  water  and  on  dishes  containing  solid  selective  media;  when  the 
carrier  In  question  has  undergone  prolonged  bacteriophage  treatment 
cultures  are  also  made  on  solid  media  containing  antiphage  serum.  In 
view  of  the  fact  that  V.  comma  is  localized  predominantly  in  the  bile 
in  chronic  carriers  (G.S.  Kulesha  and  A.Q.  Nikonov),  it  is  recommended 
that  the  bile  be  subjected  to  bacteriological  examination.  A  sample  is 
taken  with  a  duodenal  probe  inserted  through  the  nose  or  mouth.  Green¬ 
ish-yellow  bile  enters  the  bulb  of  the  probe,  which  is  introduced  into 
the  duodenum.  Bile  from  the  bladder  is  distinguished  by  its  lighter  co¬ 
lor  and  can  be  obtained  15-20  min  after  30-40  ml  of  25#  magnesium  sul¬ 
fate  Is  Introduced  through  the  probe. 

Three  10-15  cm  segments  of  the  small  intestine  (from  the  upper, 
middle,  and  lower  regions)  and  the  gall  bladder  are  taken  from  cadavers 
The  organs  removed  are  placed  In  two  wide -mouthed  glass  Jars. 

When  there  is  a  suspicion  of  poisoning  sane  of  the  material  is 
rendered  bacteriologlcally  harmless  and  sent  to  a  toxicological  labora¬ 
tory  for  parallel  examination. 

Fecal  matter  containing  vibrio  is  preserved  in  2 %  sodium  chloride 
or  Venkatermen  and  Ramakrishnon 's  preservative  (see  page  438),  espe¬ 
cially  in  warm  weather. 

When  the  material  must  be  shipped  over  long  distances  the  Jars  are 
placed  in  a  metal  container,  padded  with  wood  shavings,  paper,  or  cot¬ 
ton,  and  placed  in  a  wooden  box,  which  is  then  sealed.  The  samples  are 
quickly  dispatched  to  the  laboratory  by  messenger  and  examined  immed¬ 
iately  on  receipt. 


427  - 


* 


It  is  recommended  that  feces  be  cultured  at  the  patient's  bedside 
and  that  Intestinal  and  gall-bladder  contents  be  cultured  at  the  autop¬ 
sy  site. 

Microscopic  examination 

Investigation  of  feces,  vomltus,  and  material  from  cadavers  begins 
with  microscopic  examination  of  stained  preparations.  In  order  to  make 
up  a  smear  a  piece  of  feces  is  spread  In  a  thin  layer  over  a  slide, 
dried  In  air,  fixed,  and  Qram-stained.  Detection  of  a  substantial  num¬ 
ber  of  typical,  characteristically  arranged  gram-negative  vibrio  In  the 
smear  Indicates  that  V.  comma  Is  probably  present. 

Bacteriological  examination 

The  material  Is  subjected  to  bacteriological  examination  In  par¬ 
allel  with  the  microscopic  examination  and  regardless  of  Its  results, 
being  cultured  on  liquid  and  solid  nutritive  media.  The  biological 
characteristics  of  V.  comma  (its  flexibility  with  respect  to  nutritive 
substances  Its  need  for  free  oxygen,  and  its  ability  to  grow  in  alka¬ 
line  media  and  in  the  presence  of  an  excess  of  salts)  are  taken  into 
account  In  preparing  nutritive  media  for  Its  isolation.  Liquid  media 
are  used  for  concentrating  V.  comma.  According  to  the  handbooks,  these 
media  Include  peptone  water,  which  yields  good  results  In  Investigating 
feces  containing  large  quantities  of  vibrio.  It  does  not  always  give 
satisfactory  results  in  investigating  material  containing  few  vibrio 
(the  feces  of  convalescents  or  carriers  or  of  patients  at  the  end  of  an 
epidemic).  Many  researchers  consequently  use  bismuth  sulfite  medium, 
potassium  tellurite  medium,  or  Ottolengi's  medium  for  concentrating  V. 
comma . 

Cultures  are  simultaneously  made  In  the  concentration  medium  and 
on  solid  nutritive  media.  Alkaline  and  bile-salt  agar  are  selective  nu¬ 
tritive  media,  since  they  retard  the  growth  of  the  intestinal  and  pu- 
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trefactlve  microflora  and  promote  that  of  V.  comma.  This  bacterium, 
however,  grows  profusely  on  alkaline  agar  only  when  It  Is  present  In 
large  quantities  In  the  material  under  Investigation.  Media  which  pro¬ 
mote  the  growth  of  V.  comma  when  It  Is  present  In  small  quantities  are 
more  useful  for  diagnostic  purposes;  such  media  Include  Dleudonne's  me¬ 
dium,  Aronson's  medium,  Wilson  and  Reilly's  medium,  etc.  A  basic  con¬ 
dition  for  the  use  of  nutritive  media  Is  preliminary  ohecklng  for  the 
Intensity  and  rapidity  of  growth;  this  Is  done  by  oulturlng  V.  comma 
on  them. 

Method  of  bacteriological  examination.  Culturing  In  first  concen¬ 
tration  medium  (first  peptone  water).  Per  culturing,  3-5  ml  of  liquid 
feces  or  a  piece  of  fecal  matter  weighing  0. 3-0.5  g  Is  mixed  with  50- 
100  ml  of  medium  and  poured  Into  bottles  or  Ehrlenmeyer  flasks.  At  the 
same  time,  a  small  quantity  of  material  Is  successively  cultured  with 
the  same  platinum  loop  on  2  or  3  dishes  containing  alkaline  agar  and 
Dleudonne 's  medium.  All  the  Inoculated  media  are  placed  In  a  heater  at 
37°. 

The  Intestinal  and  gall-bladder  contents  of  cadavers  are  Investi¬ 
gated  In  the  same  manner  as  feces.  Before  samples  are  taken  the  surface 
of  each  Intestinal  segment  Is  cauterized  with  a  red-hot  spatula  or  scal¬ 
pel  and  cut  with  sterile  scissors.  The  surface  of  the  gall  bladder  Is 
also  cauterized  and  the  bile  is  extracted  with  a  syringe  or  Pasteur 
pipette. 

Culturing  In  second  concentration  medium  (transfer  from  first  pep¬ 
tone  water).  After  5-8  hr  the  cultures  in  the  first  peptone  water  are 
examined  macroscoplcally  and  microscopically  (in  stained  smears)  and 
transferred  to  the  second  peptone  water.  The  medium  is  now  slightly 
cloudy  and  a  delicate,  scarcely  detectable  film  appears  on  Its  surface, 
although  the  cloudiness  and  film  are  sometimes  lacking.  In  either  case 
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1  or  2  loopfuls  are  carefully  taken  from  the  surface  and  transferred 
to  the  second  peptone  water;  1  or  2  dishes  containing  alkaline  agar  and 
Dieudonne's  medium  are  then  inoculated.  When  substantial  numbers  of  vib¬ 
rio  are  detected  in  the  smears  a  hanging  drop  is  prepared  to  determine 
their  mobility  and  a  microscopic  agglutination  reaction  is  set  up  on  a 
cover  slip  with  a  drop  of  cholera  0  serum  and  examined  in  a  hanging, 
drop.  The  V.  comma  agglomerate  and  lose  their  mobility.  An  initial  pre¬ 
liminary  report  is  made  after  6-8  hr,  stating  whether  or  not  V.  comma 
has  been  detected. 

Transfer  from  second  concentration  medium  (second  peptone  water) 
and  isolation  of  V.  comma.  The  second  peptone  water  is  examined  5-8  hr 
after  inoculation  (10-16  hr  after  the  investigation  begins)  and  trans¬ 
ferred  to  1  or  2  Petri  dishes  containing  alkaline  agar  and  Dieudonne's 
medium;  smears  and  hanging  drops  are  also  prepared. 

The  solid  nutritive  media  inoculated  with  the  initial  material  are 
examined  after  10-16  hr.  The  dishes  containing  the  agar  inoculated  with 
the  first  and  second  batches  of  peptone  water  are  examined  after  the 
same  interval  (15-24  hr  and  20-32  hr  after  the  investigation  begins). 
Suspected  colonies  are  examined  microscopically,  stained  smears  and 
hanging  drops  are  prepared,  and  a  rough  agglutination  reaction  is  set 
up  on  slides  with  cholera  0  serum  diluted  to  1:400.  The  film  is  emulsi¬ 
fied  in  a  drop  of  physiological  solution  as  a  control.  The  results  of 
the  reaction  are  evaluated  with  the  unaided  eye  after  2-3  min.  More  ra¬ 
pid  results  are  yielded  by  an  agglutination  reaction  in  broth.  Clear 
colonies  with  typical  properties  are  transferred  to  a  test-tube  con¬ 
taining  an  alkaline-agar  slant  in  order  to  produce  a  pure  culture.  A 
second  preliminary  report  is  made  after  12-16  hr,  indicating  the  titre 
at  which  the  vibrio  detected  agglutinated  in  the  broth. 

Investigation  of  pure  culture.  The  pure  culture  isolated  is  inves- 
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tigated  10-12  hr  after  culturing  on  the  agar  slant.  Smears  are  made  up 
and  Oram-stained,  a  hanging  drop  Is  prepared,  and  an  agglutination  re¬ 
action  Is  set  up  on  slides.  In  order  to  study  the  other  basic  properties 
of  the  culture  it  Is  transplanted  to  alkaline  agar  and  peptone- water, 
stab-cultured  in  gelatin  and  broth,  and  used  to  conduct  an  agglutination 
reaction.  The  agglutination  reaction  Is  set  up  in  broth  when  the  quanti¬ 
ty  of  culture  Is  insufficient  or  when  accelerated  results  are  desired. 
After  incubation  for  3  hr  at  37°  the  broth  culture  is  used  to  inoculate 
two  test-tubes  containing  broth  (with  bacteriophage  added  to  one),  one 
coitaining  starch  broth,  one  containing  broth  and  sheep  erythrocytes, 
and  one  containing  Hiss'  medium.  The  results  are  evaluated  20-24  hr  af¬ 
ter  inoculation  of  the  diagnostic  media,  first  adding  several  drops  of 
Lugol's  reagent  to  the  starch  broth  and  1  ml  of  sulfuric  acid  to  the 
peptone  water.  A  final  report  is  made  after  30-36  hr,  indicating  the 
dilution  at  which  the  vibrio  detected  agglutinated.  This  report  is  of¬ 
ten  limited  to  the  results  of  the  agglutination  reaction,  the  nitrosoin- 
dol  reaction,  and  culturing  on  Ressel's  medium.  Conclusive  identifica¬ 
tion  of  V.  comma  requires  no  less  than  48  hr  and  is  not  always  success¬ 
ful. 

Bacteriophage  test.  Portions  of  0.2  ml  of  a  3-20  hr  broth  culture 
are  added  to  2  test-tubes  containing  10  ml  of  broth.  A  total  of  0.2  ml 
of  polyvalent  cholera  bacteriophage  is  added  to  one  of  the  tubes,  while 
the  other  serves  as  a  control.  Both  tubes  are  incubated  in  a  heater  at 
37°  and  the  results  are  evaluated  after  3-20  hr.  When  the  result  is 
positive  the  tube  containing  the  phage  becomes  clear,  as  a  result  of 
lysis  of  the  culture,  while  the  control  (without  phage)  remains  cloudy. 
The  two  tubes  are  equally  cloudy  when  the  result  is  negative.  For  tests 
on  a  solid  nutritive  medium  the  culture  under  investigation  is  spread 
over  a  dish  containing  alkaline  agar  and  a  drop  of  cholera  bacteriophage 
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is  streaked  onto  It.  When  the  result  is  positive  no  growth  can  be  seen 
on  the  streak  after  18-20  hr. 

The  Increasing  phage-titre  reaction  can  be  used  for  rapid  detection 
of  V.  comma  (see  page  437). 

Diastatic-activity  test.  Several  drops  of  an  iodine  solution  (tinc¬ 
ture  of  iodine  or  Lugol's  reagent)  are  added  to  10  ml  of  a  6-24  hr  cul¬ 
ture  in  broth  containing  dissolved  starch  (C  5#).  The  color  of  the  tube 
containing  the  inoculated  starch  medium  remains  unchanged  (sugar  is 
formedifrom  the  starch),  while  the  control  tube,  which  contains  the  un¬ 
inoculated  starch  medium,  turns  blue. 

V 

Investigation  of  hemolytic  properties.  The  culture  under  investiga¬ 
tion  is  transferred  to  broth  to  which  2-3#  (with  respect  to  the  initial 
volume)  of  washed  sheep  erythrocytes  or  defibrinated  blood  has  been  add¬ 
ed.  The  mixture  is  Incubated  In  a  heater  at  37®  and  the  results  are 
evaluated  after  24  hr.  V.  comma  does  not  hemolyze  sheep  erythrocytes 
over  a  48-hr  period.  In  another  method  broth  is  inoculated  with  ttE  cul¬ 
ture  and  2-3#  of  sheep  erythrocytes  is  added  after  24  hr.  The  results 
are  noted  after  2  hr  and  a  final  evaluation  is  made  on  the  following 
day. 

tlktrosolndol  reaction.  A  total  of  10-20  drops  of  concentrated  sul¬ 
furic  acid  is  added  to  10  ml  of  a  24-hr  culture  In  peptone  water.  When 
the  reaction  is  positive  the  medium  turns  reddish  and  then  bright  red. 
Its  color  remains  unchanged  when  the  result  is  negative. 

Agglutination  reaction.  Serum  of  subgroup  0-1  is  used  in  moderate 
titre  (1:3200")  for  the  agglutination  reaction.  A  series  of  two-fold 
serum  dilutions  In  physiological  solution,  ranging  from  1:50  to  1:600, 
is  made  up.  Portions  of  0.5  ml  of  each  dilution  are  mixed  with  0.5  ml 
of  a  1-billion-cell  emulsion  of  the  culture.  This  doubles  each  of  the 
serum  dilutions  and  produces  dilutions  ranging  from  1:100  to  1:3200.  A 
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test-tube  containing  0.5  ml  of  physiological  solution  and  0.5  ml  of  the 
emulsion  serves  as  the  antigen  control,  while  a  tube  containing  1  ml  of 
serum  diluted  to  1:50  serves  as  the  serum  control. 

The  tubes  are  kept  in  a  heater  at  37*  for  2  hr  and  at  room  tempera¬ 
ture  or  in  a  refrigerator  for  18-20  hr.  The  results  of  the  reaction  are 
evaluated  after  2  hr,  when  specific  0  agglutination  is  clearly  visible; 
a  final  evaluation  is  made  after  18-20  hr.  An  agglutination  reaction  at 
dilutions  of  1:800-1 :l600  is  regarded  as  positive. 

Agglutination  reaction  in  broth.  The  agglutination  reaction  of  vib¬ 
rio  grown  in  broth  containing  0  agglutinative  serum  is  2-3  times  as  sen¬ 
sitive  as  and  requires  less  time  than  the  ordinary  agglutination  reac¬ 
tion,  thus  accelerating  the  diagnosis  of  cholera  (D.V.  Chlbrikova).  The 
serum  is  mixed  with  the  broth  in  dilutions  ranging  from  1:100  to 
1:12,800.  An  emulsion  is  prepared  from  a  single  colony  or  from  a  mini¬ 
mal  quantity  of  the  culture  (less  than  one  loopful)  in  1-1. 5  ml  of 
broth  and  1  or  2  drops  are  added  to  each  serum  dilution  and  to  the  test- 
tube  containing  the  antigen  control  (1  ml  of  broth).  The  serum  control 
is  1  ml  of  the  1:100  dilution.  The  test-tubes  are  incubated  at  37°  and 
the  results  are  evaluated  after  3-4  hr;  the  prolific  multiplication  of 
vibrio  makes  later  evaluation  difficult.  The  results  are  regarded  as 
positive  when  agglutination  occurs  at  a  dilution  of  1:6400-1:12,800. 
Serological  investigation 

The  agglutination  reaction  with  the  patient's  serum  (Widal's  re¬ 
action)  is  of  limited  value  in  cholera,  since  agglutinins  do  not  appear 
until  the  4th-7th  day.  It  can  be  used  only  for  retrospective  diagnosis 
in  convalescence.  The  blood  from  which  the  serum  is  obtained  is  taken 
from  a  finger  with  a  Prancke  needle  (or  from  the  ulnar  vein  with  a  sy¬ 
ringe),  drawing  no  less  than  1  ml.  The  serum  titre  in  convalescents 
should  not  exceed  a  dilution  of  1:100  and  the  agglutination  reaction  is 
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consequently  set  up  at  low  dilutions  (1:20,  1:40,  1:80).  The  remainder 
of  the  procedure  Is  similar  to  the  ordinary  agglutination  reaction.  The 
reaction  is  regarded  as  positive  at  a  titre  of  1:40-1:80. 

Accelerated  methods  for  bacteriological  examination 

In  the  accelerated  method  of  diagnosing  cholera  portions  of  0.2- 
0.3  ml  of  feces  are  cultured  in  3  test-tubes,  the  first  containing  pep¬ 
tone  water,  the  second  containing  peptone  water  and  cholera  0  agglutina 
tive  serum  diluted  to  half-titre,  and  the  third  containing  peptone  wa¬ 
ter  and  0.5#  of  dissolved  starch  (Kodam's  medium).  In  a  second  proce¬ 
dure  the  peptone  water  in  the  third  tube  is  replaced  by  serum  diluted 
to  titre.  The  feces  are  simultaneously  cultured  on  dishes  containing  a 
solid  nutritive  medium.  When  the  result  is  positive  a  flaky  precipitate 
can  be  detected  on  the  bottom  and  a  film  on  the  surface  of  the  tube  con 
taining  peptone  water  and  agglutinative  serum  after  6-7  hr;  the  preci¬ 
pitate  and  film  are  examined  microscopically  (in  stained  preparations). 
A  blue  tint  does  not  appear  in  the  tube  containing  Kodam's  medium  when 
several  drops  of  Lugol's  reagent  are  added.  When  Kodam's  medium  is  not 
available  the  result  is  regarded  as  positive  only  at  serum  dilutions  of 
no  less  than  1;2000.  A  report  can  be  made  after  6-7  hr.  A  positive  re¬ 
sult  can  be  obtained  only  when  a  large  quantity  of  vibrio  Is  present  in 
the  material  cultured. 

Annular  precipitation  reaction  with  hapten.  Precipitation  of  chol¬ 
era  0  serum  with  a  hapten  prepared  from  native  material  or  from  a  6-hr 
agar  cl  ture  is  recommended  for  rapid  diagnosis  of  cholera  (L.A.  Pap- 
kova).  The  reaction  with  the  first  hapten  is  positive  when  the  material 
under  investigation  contains  a  substantial  number  of  V.  comma,  while 
the  reaction  with  the  second  hapten  is  positive  when  the  bacterium  is 
present  in  small  quantities  in  the  material  but  has  been  concentrated 
by  culturing  on  agar.  A  report  can  be  made  after  1-2  hr  in  the  first 
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case  and  after  6-7  hr  in  the  second  case. 

Evaluating  the  results  of  the  investigation.  Both  positive  and  neg¬ 
ative  results  can  be  obtained  In  bacteriological  examination.  When  the 
results  are  positive  and  vibrio  with  typical  characteristics  have  been 
isolated  evaluation  of  the  results  is  simple.  The  processing  of  posi¬ 
tive  results  becomes  difficult  only  when  vibrio  with  altered  character¬ 
istics  are  detected.  The  agglutinative  properties  of  the  vibrio  isola¬ 
ted  are  especially  important  in  establishing  its  nature.  Isolation  of 
a  nonagglutinative  vibrio  does  not,  however,  exclude  the  possibility 
tl  at  it  is  V.  comma,  provided  that  it  has  the  other  characteristics  of 
this  species.  Such  vibrio  may,  under  certain  conditions  (passage  through 
media  containing  bile  or  through  animals),  become  agglutinative. 

Abnormalities  in  biochemical  and  other  properties  are  occasionally 
encountered.  For  example,  El  Tor  vibrio  which  hemolyze  sheep  erythro¬ 
cytes  and  vibrio  which  are  not  lyzed  by  cholera  bacteriophage  have  been 
isolated.  When  such  characteristics  are  altered  the  nature  of  the  vibrio 
isolated  is  determined  from  its  agglutinative  properties.  All  abnormal 
characteristics  (nonagglut inability  or  any  other  atypical  traits)  must 
be  noted  in  the  report.  When  negative  results  are  obtained  it  is  neces¬ 
sary  to  make  a  careful  evaluation  in  the  light  of  clinical  or  epidemio¬ 
logical  data.  This  is  due  to  the  fact  that  V.  comma  sometimes  cannot  be 
isolated  in  the  typical  clinical  f  orm  Sbr  obscure  forms  of  cholera.  In 
such  cases  one  must  resort  to  repeated  examination,  serological  diagno¬ 
sis,  and  investigation  of  cadavers  (the  small  intestine  and  gall  blad¬ 
der).  When  bacteriological  examination  yields  negative  results  but  the 
typical  clinical  pattern  of  an  obscure  form  of  the  disease  is  present, 
especially  among  persons  who  have  been  in  contact  with  cholera  pa¬ 
tients,  the  diagnosis  is  consequently  rendered  as  "clinical  cholera." 


Only  the  aggregate  of  negative  laboratory  tests  and  clinical  and  epidem- 
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lologloal  data  gives  grounds  for  excluding  cholera. 

Detection  of  V.  oomma  In  the  external  environment 

In  order  to  concentrate  V.  comma  large  volumes  of  water  are  fil¬ 
tered  through  No.  3  or  4  membrane  filters  and  the  material  washed  from 
them  la  cultured  In  peptone  water;  the  filters  can  first  be  cut  Into 
small  pieces.  It  Is  also  possible  to  place  the  filters  on  solid  selec¬ 
tive  media  to  permit  growth  of  V.  comma. 

In  order  to  Investigate  water  without  filtration  a  sample  of  no 
less  than  1  liter  Is  taken.  Its  pH  Is  determined,  and  saturated  sodium 
bicarbonate  solution  Is  added  to  bring  the  pH  to  7.6-7. 8.  A  total  of 
50-100  ml  of  basic  peptone  solution  Is  then  added  to  450-900  ml  of  the 
water.  The  Inoculated  1 %  peptone  water  (the  first  concentration  medium) 
Is  poured  Into  flasks  or  bottles  (In  250  ml  portions)  and  kept  In  a 
heater  for  5-8  hr.  The  remainder  of  the  investigation  proceeds  In  the 
usual  manner. 

For  the  use  of  luminescent  sera  for  the  rapid  Identification  of  V. 
cholera  see  page  74. 

Beverages  (kvass,  cranberry  Juice,  lemonade,  beer,  etc.)  are  ex¬ 
amined  In  the  same  manner  as  water.  Milk  is  cultured  in  2  ml  portions 
In  100  ml  of  peptone  water. 

Samples  of  200  g  are  taken  In  Investigating  solid  foodstuffs  (veg¬ 
etables,  meat,  fish,  etc.).  Pieces  are  taken  from  different  areas  of 
the  product,  combined  to  make  a  representative  sample  (5-10  g),  crushed 
to  a  pasty  consistency  in  a  mortar  with  a  small  quantity  of  physiologi¬ 
cal  solution,  and  examined  in  the  same  manner  as  feces.  In  examining 
fish  cultures  are  made  of  the  intestinal  contents.  In  order  to  investi¬ 
gate  flies,  particularly  their  legs,  one  needs  glass  flytraps  contain¬ 
ing  1#  peptone  water  and  1 %  sugar.  The  flytraps  and  flies  are  incuba¬ 
ted  In  a  heater  at  37°  for  5-8  hr;  the  remainder  of  the  investigation 
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proceeds  in  the  usual  manner. 

Incree  s lr?g  Phage j-Titre  Reaction 
Prof  D  M  C-ol 'dfarb 

The  Indicator  phage  is  cholera  bacteriophage  series  Nos.  5  and  : 
"reduced  by  the  "Mlkrob"  Institute.  The  standard  culture  is  V.  comma 
-train  N'  I '.?>  Inet-a  type.  The  following  media  can  be  used  in  setting 
-r  t.-.e  reaction:  1)  Hottlnger's  broth;  2)  0. 75^  agar  in  Hottlnger's 
r-cthj  3)  2#  agar  in  Hottlnger's  broth.  When  titrated  by  Qrazla's  metb- 
'1  with  strain  No.  117  the  bacteriophage  forms  distinct  dear  negative 
-\1 as  within  3-4  hr. 

A  substantial  increase  in  titre  is  observed  in  Inoculated  Hottrn 

Q  y 

gsr’s  broth  (18-1.5*10'  bacteria  per  ml)  to  which  the  Indicator  phags 
has  been  added  in  a  dilution  of  1:50  after  one  hour  of  incubation  and 
subsequent  titration  by  Qrazla's  method,  i.e.,  V.  comma  is  detected 
within  5-6  hr.  This  phage  is  highly  specific  and  reacts  only  with  tr->.= 
v.  comma. 

The  increasing  phage -titre  reaction  is  very  effective  for  iderc: 
Tying  V.  comma  in  water.  Before  the  phage  is  added  to  the  water  under 
lnvestlg  tion  the  latter  is  mixed  with  the  following  basic  peptone  sc 
lution  (1/10  of  the  water  volume): 

Peptone  -  100  g 
Sodium  chloride  -  50  g 
Potassium  nitrate  —  1  g 
Sodium  carbonate  -  20  g 
Distilled  water  -  1000  ml 

The  remainder  of  the  analysis  is  conducted  in  the  usual  manner.  '> 

der  these  conditions  V.  comma  can  be  detected  in  the  water  in  coroer. 

6  7 

tratlons  c f  5*10  -10'  bacteria  per  ml  after  5-6  hr. 

Preliminary  culturing  can  be  employed  to  further  increase  the 
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'i'ivity  of  the  increasing  phage-titre  reaction  in  cholera- 
mtrltlve  Media 

Venkatermen  and  Ramakrlshnon  »s  preservative  medium.  A  total  cf 
u2.4  g  of  boric  acid  and  14.9  g  of  potassium  chloride  are  dissolved  in 
800  ml  of  hot  distilled  water  and  the  volume  of  the  solution  is  brought 
to  1  liter  when  it  has  cooled.  Now  250  ml  of  this  solution  is  mixed  with 
133*5  ml  of  5  M  sodium  hydroxide  and  20  g  of  dry  marine  salt  (or  unpuri¬ 
fied  table  salt),  filtered  through  filter  paper,  poured  into  wide¬ 
mouthed  glass  jars  in  10  ml  portions,  and  sterilized  in  an  autoclave. 

The  sterile  boron-buffered  solution  will  stay  at  pH  9*2  for  several 
months.  A  spoonful  of  feces  (no  more  than  3  g)  is  mixed  with  10  ml  of 
the  buffer  solution  or  2#  sodium  chloride  and  sent  for  examination.  A 
total  of  10  ml  of  the  mixture  Is  cultured  on  a  concentration  medium  at 
the  laboratory.  In  culturing  the  mixture  of  feces  and  2 #  sodium  chlor¬ 
ide  several  drops  of  sldum  hydroxide  solution  are  added  to  neutralize 
the  acid  reaction  of  the  feces. 

Peptone  water.  A  total  of  1#  of  dry  peptone,  0.5#  of  sodium  chlor¬ 
ide,  and  0.01#  of  potassium  nitrate  are  mixed  and  sodium  carbonate  is 
added  to  bring  the  pH  of  the  mixture  to  7*6-7- 8.  Many  researchers  pre¬ 
fer  to  use  peptone  water  which  has  a  more  alkaline  reaction  (pH  *  8.6- 
9*2)  and  contains  1#  sodium  chloride,  which  creates  better  conditions 
for  isolation  of  V.  comma.  Peptone  water  is  prepared  from  the  basic 
peptone  solution  by  diluting  it  by  a  factor  of  10  (one  part  of  the  pep¬ 
tone  solution  and  9  parts  of  distilled  water). 

Basic  (10#)  peptone  solution.  A  concentrated  (10#)  peptone  solu¬ 
tion  is  used  in  investigating  water.  In  culturing  the  water  it  is  di¬ 
luted  by  a  factor  of  10  to  produce  1#  peptone  water  (the  first  concen¬ 
tration  medium).  The  composition  of  the  basic  peptone  solution  is  as 
follows: 
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Peptone  -  100  g 
Sodium  chloride  -  50-100  g 
Fotasslum  nitrate  -  1  g 
Sodium  carbonate  -  20  g 
Distilled  water  -  1000  ml 

The  basic  peptone  solution  can  be  stored  for  prolonged  periods. 

The  quality  of  the  basic  peptone  solution  and  the  peptone  water  depends 
on  the  type  of  peptone  and  only  standard  peptone  should  consequently  be 
used  for  preparing  media. 

Ottolengl's  medium.  A  total  of  30  nil  of  10$£  crystalline  sodium 
carbonate  Is  added  to  1  liter  of  filtered  bovine  bile.  Portions  of  5  ml 
of  the  mixture  are  poured  Into  test-tubes  and  sterilized  for  20  min  at 
120°. 

Bismuth  sulfite  medium  was  proposed  by  Rled  (1939)  and  modified  by 
Wilson  and  Reilly  (1940).  Preparation  of  the  medium  requires  dry  bis¬ 
muth  ammonium  citrate  or  a  standard  solution  of  this  compound,  which 
consists  of  60  g,  of  bismuth  citrate,  20  ml  of  a  12. 5#  solution  of  am¬ 
monium  hydroxide,  and  500  ml  of  water.  The  bismuth  citrate  Is  dissolved 
In  50  ml  of  the  water  and  the  ammonium  hydroxide  solution  and  the  re¬ 
maining  water  are  then  added.  In  order  to  prepare  the  basic  bismuth 
sulfite  solution  20  g  of  anhydrous  sodium  sulfite  is  dissolved  In  100 
ml  of  boiling  water  and  0.16  ml  of  the  standard  solution  or  0.1  g  of 
dry  bismuth  ammonium  citrate  dissolved  in  10  ml  of  water  is  added  to  it. 
At  this  point  20  g  of  glucose  Is  dissolved  In  100  ml  of  boiling  water 
and,  after  It  has  cooled,  the  two  solutions  are  mixed.  A  total  of  10  ml 
of  the  basic  bismuth  sulfite  solution  Is  mixed  with  100  ml  of  peptone 
water  (at  pH  9-1)  and  1  ml  of  absolute  alcohol.  The  concentration  of 
the  medium  Is  doubled  In  culturing  the  feces  of  convalescents  or  car¬ 
riers. 
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Potassium  tellurite  medium.  A  total  of  0.5%  of  sodium  taurocholate 
Is  added  to  peptone  water  ( 1 %  peptone,  0.5%  sodium  chloride,  pH  -  9*0)* 
The  medium  Is  poured  Into  25-mi  Ehrlenmeyer  flasks,  filling  them  almost 
to  the  rim,  or  Into  test-tubes  and  tellurite  Is  added  In  a  concentra¬ 
tion  of  1:200,000.  If  three  test-tubes  are  to  be  inoculated  the  potas¬ 
sium  tellurite  Is  added  in  concentrations  of  1:100,000,  1:200,000,  and 
1:400,000. 

Alkaline  agar.  A  total  of  30  ml  of  10%  sodium  carbonate  Is  added 
to  1  liter  of  3%  meat-infusion  agar  and  the  mixture  Is  boiled  for  45 
minj  the  pH  is  then  adjusted  to  7*8-8. 5. 

Bile-salt  agar.  This  medium  consists  of  3 %  meat-infusion  agar, 

0.5#  sodium  chloride,  and  0.5#  sodium  taurocholate.  In  order  to  suppress 
the  growth  of  Proteus  1%  sodium  taurocholate  Is  added.  Small  (0.1  mm  In 
diameter),  convex,  smooth,  clear  colonies  of  V.  comma  grow  on  bile-salt 
agar  after  incubation  at  37°  for  15-18  hr. 

Aronson's  medium.  A  total  of  60  ml  of  10#  sodium  carbonate  Is  added 
to  1  liter  of  3#  meat -Infusion  agar  and  sterilized  In  running  steam  for 
15  min;  50  ml  of  20%  sucrose,  4  ml  of  saturated  alcohol  fuchsin,  and  20 
ml  of  10#  sodium  sulfate  are  then  added  under  sterile  conditions.  The 
precipitate  is  permitted  to  settle  to  the  bottom  and  the  medium  Is 
poured  Into  dishes.  V.  comma  multiplies  profusely  on  this  medium  within 
10-20  hr.  Initially  forming  small  colorless  colonies  and  then  producing 
large  lustrous  colonies  with  red  centers  and  light-red  peripheries. 
Hottlnger's  agar  or  Marter's  agar  at  pH  8.0  can  be  substituted  for  the 
meat-lnfuslon  agar. 

Dleudonne's  medium.  Various  quantities  of  deflbrinated  bovine  or 
ovine  blood  are  mixed  with  one-normal  potassium  hydroxide  and  steri¬ 
lized  at  100*  for  45  min.  Then  three  parts  of  this  alkaline  blood  al¬ 
buminate  are  mixed  with  7  parts  of  neutral  agar  cooled  to  45°  and  the 
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nlxt-ure  1;.  p.>n.*.*d  '■ 1  i  -  retrl  dishes.  r,efore  use  the  dishes  are  held  at 
o'*  im>  nu  ir.os  in- r.  ;  i*  Jn  c>rder  tc  free  them  of  liberated  ammonia, 

-btc.b  ret  irm,  tin:  ^  i  •  -w  l-  of  V*  comma. 

‘OUiChT.LOSrS 

r  Kaytmazovu,  Candidate  of  Medical  Sciences 

Hi’u.tel '  -sis  l:.  ii.  Infectious  disease  of  humans  and  domesticated 
.i.,  •  j  :■  can  sod  by  bad  aria  of  the  genus  Brucella. 

ft  !  s  nif-i.t  o.  jtwf  r.lent  to  subdivide  the  genu^  Brucella  Into  three 
•  ••oil..',,  in  accordance  with  their  origin  (small  livestock,  cattle,  or 
)  nrid  certain  biological  characteristics  (see  below).  This  class!  - 
:.it  lnr.  makes  It  possible  to  call  attention  to  the  source  of  the  In¬ 
i’  ..t  lor  and  permits  proper  planning  of  prophylactic  measures.  It  Is  1n- 
.mimmI  in  the  International  classification  (Bergey).We  distinguish  the 
i.  i:  'In./  sper.li  s:  br.  melltensls  (Bruce,  1886),  which  Is  the  causative 
j/y.r.t  of  brucellosis  in  small  livestock  (sheep  and  goats)  and  Is  the 

. .  pathogenic  for  man,  playing  a  basic  role  In  the  epidemiology  of 

.  >'■  Uosls,  Brunei l*i  abortus  (Bang,  1897),  which  causes  Brucellosis  In 
..  t. :  ■  a-.fi  both  in inaymi'.tomatlc  and  clinically  manifest  forms  of  this 
1  ••  ta  r  In  man,  and  Brucella  suls  (Traum,  1914),  which  causes  Brucello- 
1  n  1  gs  and  sprraalc  clinically  manifest  cases  In  man. 

•'  I  ■  ‘\J  of  bi-u  .alia 

brnr.nlla  art:  very  email  bacteria  (0. 3-0. 6-2. 5  p,  in  diameter)  and 

are  spherical,  ovoid,  or  rather  elongate  lr. 
shape. 

These  bacteria  are  Immobile,  do  not 
form  spores,  and  are  capable  of  producing 
capsules  under  certain  conditions;  they  arr 
most  frequently  arrayed  randomly  In  prepay 
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Brucella  are  easily  stained  by  or¬ 
dinary  dyes;  they  are  gram-negative  and. 
In  contrast  to  other  bacteria,  retain 
safranine  when  restained  with  malachite 
or  brilliant  green  by  Kozlovskiy's  meth¬ 
od.  Kozlovskiy's  method  for  selective 
staining  (as  modified  by  the  Institute 
of  Experimental  Medicine  imeni  Gamaleya, 
Academy  of  Medical  Sciences  USSR;  Koko¬ 
rin,  1957)  consists  in  the  following: 
flame-fixed  specimens  are  stained  with  0.5#  aqueous  safranine  heated  to 
the  boiling  point,  washed,  and  restained  with  a  0.5#  aqueous  solution 
of  the  green  dye  for  l/2-l  min.  Brucella  retain  the  red  color  of  the 
safranine,  while  other  bacteria  take  on  a  green  color. 

Biology  of  Brucella;  cultural  characteristics 

Brucella  are  easily  raised  on  ordinary  nutritive  media  (at  pH  * 

»  6.8-7.O-7.2)  at  temperatures  of  35-37°* 

Meat  and  liver  agar  and  broth,  potato  agar,  agar  and  broth  D,  and 
the  semisynthetic  "Al'bimi"  medium  can  be  used  as  nutritive  media.  Egg 
yolks  and  chick  embryos  are  also  good  biological  media  for  culturing 
Brucella. 

The  first  generations  of  Brucella  cultured  from  an  infected  organ¬ 
ism  multiply  slowly,  the  majority  of  their  growth  occurring  only  after 
1-2-3  weeks,  while  laboratory  cultures  begin  to  grow  within  24-48  hr. 

Colonies  of  Brucella  on  agar  are  colorless  with  a  mother-of-pearl 
lustre,  convex,  round,  regular  in  contour,  and  homogeneous  or  slightly 
granular  (Pig.  28).  They  gradually  become  cloudy  as  they  grow  and 
range  in  size  from  very  small  (0.5-0. 1-0. 01  mm  in  diameter)  to  large 
(3-4  ram  in  diameter).  Various  environmental  conditions  may  lead'  to  the 


Pig.  29.  Coarsely  granu¬ 
lar  colonies  of  Brucella 
(altered  under  the  influ¬ 
ence  of  bacteriophage). 
x20. 


Pig.  30.  Striated  colonies  of 
Brucella  of  varying  size  (al¬ 
tered  under  the  Influence  of 
bacteriophage).  x20. 

appearance  of  granular,  glassy,  eroded,  dry,  mucoid,  or  radially  stri¬ 
ated  colonies  and  colonies  which  grow  Into  the  agar  (Pigs.  29 1  30,  31 > 
and  32). 

When  streak-cultured  on  agar  slants 
Brucella  forms  a  delicate,  lustrous  clear 
growth. 

Cultures  In  broth  exhibit  a  uniform 
cloudiness  and  do  not  form  films;  only  an 
annular  growth  along  the  periphery  cf  the 
glass,  slightly  above  the  liquid  level.  Is 
occasionally  observed  In  older  cultures. 

Brucella  do  not  liquefy  gelatin,  do  not 
clabber  milk,  and  act  differently  on  carbo¬ 
hydrates:  D.  melitensls  ferments  only  glucose,  D.  abortus  ferments  glu¬ 
cose,  inositol,  manrose,  and  rhamnose,  and  D.  suls  ferments  glucose, 
maltose,  mannose,  and  trehalose  (Picket  and  Nelson).  It  must,  however, 
be  kept  In  mind  that  th?c  characteristic  Is  apparently  unstable. 

Dissociation,  a  phene*. enon  common  In  bacteria,  also  occurs  In  the 
Brucella.  It  may  result  from  frequent  reculturing,  prolonged  culturing 
In  a  liquid  nutritive  medium,  gr  addition  of  disinfectants.  Immune  se- 


Flg.  31.  Large  mucoid 
colony  of  Brucella  with 
spindle  (altered  under 
the  influence  of  bac¬ 
teriophage).  x20. 


rum,  or  other  agents  to  the  medium. 

It  has  been  established  that  there  are 
both  S  (smooth)  and  R  (rough)  forms  of 
Brucella  colonies.  Cultures  of  Br. 
melitensis  dissociate  substantially 
more  frequently  and  more  rapidly  than 
those  of  Br.  abortus  or  Br.  suis. 

This  phenomenon  must  be  taken  into  ac¬ 
count  in  working  with  Brucella,  es¬ 
pecially  in  making  up  diagnostic  preparations  and  determining  t\he  spe¬ 
cies  to  which  they  belong. 

Brucella  are  capable  of  secreting  catalase  and  of  producing  hydro¬ 
gen  sulfide. 

Resistance  to  physical  and  chemical  agents 

Brucella  die  rather  rapidly  under  the  action  of  high  temperatures; 
in  a  moist  medium  they  die  within  30  min  at  60°  and  almost  instantan¬ 
eously  at  the  boiling  point.  A  dry  heat  of  90-95°  kills  Brucella  within 
1  hr,  while  direct  sunlight  kills  them  within  a  period  ranging  from 
several  minutes  to  1  hr.  They  are  more  resistant  to  low  temperatures; 
for  example,  they  may  remain  viable  for  35  days  at  5-8°. 

Brucella  die  rather  ’-"oidly  under  the  action  of  various  disinfec¬ 
tants.  Thus,  2#  carbolic  1#  creolln,  0.2-1 #  calcium  hypochlorite, 

0.5#  lysol,  0.2#  formalin,  or  0.01#  chloramine  kills  Brucella  immed¬ 
iately  or  within  a  few  minutes  under  experimental  conditions.  It  must, 
however,  be  kept  in  mind  that  the  action  of  chemicals  may  be  retarded 
in  natural  substrates.  Thus,  in  order  to  kill  Brucella  soil  must  be  ex¬ 
posed  to  5#  calcium  hypochlorite  for  50  min,  to  5#  freshly  slaked  lime 
for  6  hr,  to  2#  lysol  for  12  hr,  to  2#  creolin  for  3  hr,  etc. 
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Pig.  32.  Oranular  colony  of 
Brucella  (altered  under  the 
influence  of  bacteriophage). 
x20. 


Antigenic  structure;  serotypes 

It  Is  difficult  to  distinguish  the  various  species  of  Brucella 
from  their  serological  properties.  Some  serological  differentiation  is 
possible  only  by  employing  Castellianl 's  agglutinin-adsorption  method 
or  by  using  monoreceptor  sera. 

Two  antigens,  A  and  M,  have  been  found  In  Brucella.  These  antigens 
are  present  In  different  proportions  In  each  species  of  the  genus.  The 
M  antigen  Is  found  in  large  quantities  In  Br.  melltensls,  while  the  A 
antigen  occurs  In  high  concentrations  in  Br.  abortus. 

The  presence  of  a  superficial  antigen  in  Brucella  has  been  postu¬ 
lated,  but  its  role  Is  as  yet  unknown. 

There  is  as  yet  no  unanimity  of  opinion  on  the  antigenic  struc¬ 
ture  of  Brucella. 

Pathogenicity,  virulence,  and  toxin  formation 

Brucella  are  pathogenic  microorganisms.  The  different  species  of 
the  genus,  however,  are  characterized  by  varying  pathogenicity,  i.e., 
a  varying  ability  to  induce  given  pathomorphological  changes  In  Infect¬ 
ed  humans  and  animals. 

Virulence  varies  both  from  species  to  species  and  within  the  same 
species . 

It  is  believed  that  Br.  melltensls  Is  always  virulent  and  Br. 
abortus  facultatively  virulent  for  man;  Br.  suis  varies  in  virulence. 
Thus,  the  Danish  strain  of  Br.  suls  is  of  low  pathogenicity,  while 
strains  Isolated  In  America  play  a  basic  role  in  human  brucellosis. 

It  has  not  been  established  that  Brucella  cultures  produce  exotox- 
lns  and  their  pathogenic  action  Is  consequently  associated  with  an  en¬ 
dotoxin. 
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Laboratory  Dlagnos  I  ; 


Bruce  1  louts 


Bacteriologies  1  examine '  !■  n 


Cultures  of  Br.  molitetml.:  and  Br.  suis  can  be  Isolated  under  or¬ 


dinary  aerobic  condition.,,  hptmlal  conditions,  culturing  in  an  atmo¬ 
sphere  with  an  increased  carton  dioxide  content,  are  necessary  to  obtain 
primary  cultures  of  Br.  abortus. 

The  material,  must,  bn  cu’turvd  or,  high-quality,  preliminarily 
checked  nutritive  media.  A.-ar  i  =  suitable  only  If  20-25  colonies  have 
grown  after  no  mere  dmi  •<  i  o,  s  f  incubaticn  at  37°  when  10  Brucella 
cells  (according  to  tne  GL'K.1  cloudiness  standard)  have  been  cultured 

in  Petri  dishes . *  i 

i 

The  presence  of  !  v. ; t  ■:  r !  •  i  retards  the  reproduction  of  Brucella 

and  thus  reduces  l  Ik  *uv  Isolating  them,  particularly  from  blood. 

It  is  recommended  tn-i  i ssmj  antiphage  serum  be  added  to  nutritive 

media  (solid  and  liquid)  to  increase  the  effectiveness  of  bacteriologi¬ 
cal  diagnosis  (M.b\  Dr  -shevul;  a  #. 

In  view  of  the  fa.:1'  *  t  li.  first  generations  of  bacteria  of  the 
Brucella  group  *-xh’>  V-  iat  m  ';*v..'th,  cultures  of  the  material  under 
investigation  In  mu  rlt  i  v<.<  n-  i’  .  are  kept  in  a  heater  at  37°  for  no 

less  than  30-35  day  • .  Vm  Ire  a1,  -ted  media  are  first  Inspected  after 

! 

4- 6  days  and  are  then  reoxati  In-a.i  .very  3-^  days.  Cultures  are  made  on 
agar  from  those  to  u  -turn.- !:.  ■;*  I  n  cloudiness  appears. 

Investigation  o:  bl...--d.  i  ro. suction  of  hemocultures  is  a  widely- 
employed  basic  method  ftr  the  bacteriological  diagnosis  of  human  bru¬ 
cellosis.  At  the  height  of  the  acute  stage  hemocultures  can  be  obtained 
in  65-90#  of  'ill  can--  !•  rrm*  > '  ?  Is  caused  by  Br.  me  1J.  tens  is  and  in 

5- 15#  of  all  cases  cause -t  v  me  •••eortus.  Hemocultures  can  sometimes  be 
obt  ained  during  the*  I  r*  -•  ■  -  -i  ;  e/er;  cases  in  which  Brucella  have 
beet,  isolated  ,  1  r.  i>  •  ye:  *s,  after  the  onset  of  the  Illness 


..  1,  •• 
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have  been  described.  We  cannot,  however,  exclude  the  possibility  of 
reinfection  In  these  cases. 

It  Is  recommended  that  blood  be  cultured  while  the  patient  is  In 
a  febrile  state.  However,  It  is  possible  to  obtain  hemocultures  when 
the  patient's  temperature  Is  normal  or  when  the  agglutination  reaction 
and  lntracutaneous  test  are  negative. 

Blood  should  not  be  taken  for  culturing  during  antibiotic  therapy. 

the  blood  Is  cultured  In  the  following  manner:  two  flasks  contain¬ 
ing  50-100  ml  of  broth  and  0.2-0. 5£  of  sodium  citrate  are  Inoculated 
w.'th  5*10  ml  of  blood  taken  from  the  ulnar  vein  under  sterile  condi¬ 
tions.  One  of  the  flasks  Is  Incubated  in  an  atmosphere  with  an  elevated 
carbon  dioxide  content,  while  the  other  Is  incubated  under  normal  con¬ 
ditions.  The  cultures  must  be  kept  in  the  heater  for  no  less  than  1 
month. 

Blood  cultures  can  also  be  made  by .Hastened *8  method,  which  con¬ 
sists  in  the  following:  portions  of  15  ml  of  agar  are  poured  Into 
square  100  ml  flasks,  which  are  then  sealed  and  sterilized.  After 
sterilization  the  flasks  are  arranged  In  such  fashion  that  a  uniform: 
layer  of  agar  solidifies  on  one  wall.  At  this  point  10  ml  of  sterile 
broth  Is  added  to  each  flask  under  sterile  conditions;  5-10  ml  portions 
of  blood  are  then  cultured  in  each  flask.  Between  the  4th  and  7th  days 
the  flasks  are  rocked  in  order  to  wet  the  surface  of  the  agar  with  the 
broth.  When  the  results  are  positive  colonies  of  Brucella  appear  on  the 
surface  of  the  agar.  If  no  Brucella  are  detected  within  one  month  ma¬ 
terial  Is  transferred  from  the  broth  to  a  nutritive  medium  before  the 
end  of  the  experiment. 

Uvarov  and  Khaykina  suggest  the  following  method  for  isolating 
Brucella  cultures  from  blood.  A  total  of  5-6  ml  of  blood  Is  mixed  with 
2  ml  of  2%  sodium  citrate.  Half  the  blood  is  transferred  to  80  ml  of 
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meat  —Inf us  1  on  brcth  containing  1  ''/c  glucose,  while  the  remainder  is  cul¬ 
tured  in  a  test-tube  containing  agar.  Both  cultures  are  incubated  in  a 
heater  for  30  days.  Material  from  the  broth  is  transferred  to  agar  ev¬ 
ery  3-5  d^s.  At  the  same  time  the  surface  of  the  agar  is  wetted  with 
the  blood  in  the  test-tube. 

Concentration  by  prei lm!  t-  ry  culturing  in  ordinary  3-5-day  hen’s 
eggs  is  recommended  for  i  .;oV  !'  ■■  <  f  Brucella  from  blood,  bile,  bone 
marrow,  etc.  (Odessa  lrut  !♦  u*  •  f  Eni  iemiol ogy  and  Microbiology  imeni 
Mechnikov).  From  3  to  b  eggs  ■  < i*  used  in  each  investigation.  A  total  of 
0.2  ml  of  blood  Is  injected  im<  the-  yolk  with  a  syringe  and  the  defect 
in  the  shell  is  immediately  sealed  with  sterile  paraffin.  The  infected 
eggs  are  incubated  at  y'3  f .  r  i  vy.;  a:  d  then  opened  and  0.3-0. 5  ml  of 
the  yolk  is  cultured  In  ! ! in! 1  i  sol’d  nutritive  media. 

Investigation  if  tr.  ns _ e.  Lselatlcn  of  myelocultures  is  of 

great  value  in  diagnosing  F'r; ;•  ']  si;  (i.D.  Itskovich,  1950;  Sh.Kh. 
Khodzhayev,  1951).  MyelU  cu.l i  ue  s  nro  isolated  1^-2  times  as  often  as 
.  ernocultures  and  car;  b  /  «  bt  • '  r  i  in  ring  the  acute,  subacute,  and  even 
chronic  stages  of  the  ut  -  "ho  techniques  of  taking  and  cultur¬ 

ing  bone  marrow  see  page  ’ J  • 

Investigation  of  r  ;  rv.  1  cultures  are  obtained  in  6-14#  of 

all  cases  of  human  brucellosis;.  i"nv  urine  is  collected  aseptically  with 
a  catheter,  mixed  wit  1 1  f  rru-.-el  iosls  agglutinative  serum  in  a  ti- 

tre  of  no  less  than  1:  s,  >n  i  ••.■ru  rifuged.  The  residue  is  cultured  on 
Petri  dishes  contain  ins  :ig-*»  i  which  gentian  violet  has  been  added  in 
a  dilution  of  1 : 200, >  •  :•  *  :i-‘  t  iso  growth  of  gram-positive  flora. 

The  cultures  are  !r  a  .t  .  for  10-12  days.  Egg  yolks  are  also 

recommended  f'r  cult  nr !r  •  *  ••••'•  •  "e  l due. 

Brucella  car  s-.  ;\<-t  ! •  t  *  from  the  urine  within  2  weeks 

after  infection,  b.»t  ♦  n!  n  o:  curs  somewhat  later,  at  the  end  of 
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the  febrile  period  or  the  beginning  of  convalescence. 


Investigation  of  other  materials.  Brucella  cultures  can  also  be 
Isolated,  albeit  in  a  very  small  percentage  of  case3,  from  the  feces, 
bile,  milk,  cerebrospinal  fluid,  sputum,  bursltle  exudate,  and  other 
secreta.  A  suspension  Is  prepared  from  feces,  precipitated  with  brucel¬ 
losis  agglutinative  serum  (1:50*  1:100),  Incubated  for  2  hr  In  a  heater 
at  37°*  and  centrifuged;  the  residue  Is  cultured  on  Petri  dishes  con¬ 
taining  agar  to  which  gentian  violet  has  been  added.  Other  materials 
can  be  cultured  directly  on  solid  and  liquid  nutritive  media,  but  It  Is 
b.st  to  use  the  biological  method  (see  below)  or  to  culture  them  on  the 
yolks  of  ben's  eggs. 

Identification  and  differentiation  of  species  of  Brucella.  Differ¬ 
entiation  of  species  In  the  Brucella  cultures  Isolated  Is  of  great  Im¬ 
portance  for  the  prophylaxis  of  brucellosis,  for  eliminating  nidi  of 
this  disease,  and  for  prescribing  rational  therapy. 

Study  of  the  cultures  Isolated  Is  also  necessitated  by  the  fact 
that  both  typical  strains  corresponding  to  their  basic  host  and  atypi¬ 
cal  cultures,  l.e.,  cultures  with  altered  properties,  have  recently 
been  Isolated  In  the  USSR  and  abroad. 

Methods  of  Identifying  cultures  Isolated.  Microscopic  examination 

i 

of  Oram-  and  Kozlovskiy-stained  smears  and  study  of  colony  morphology, 
the  agglutination  reaction  on  slides  with  specific  serum,  and  the  ao- 
tlon  of  brucellosis  bacteriophage  are  employed  to  determine  whether  or 
not  the  cultures  Isolated  belong  to  the  genua  Brucella. 

For  rapid  preliminary  Identification  rf a  culture  a  drop  of  specific 
agglutinative  serum  Is  applied  to  a  slide,  diluted  to  1:25  with  carbo- 
linlzed  physiological  solution  (0.5#  carvolic  acid),  and  used  to  emulsi¬ 
fy  one  loopful  of  the  culture  under  Investigation.  When  the  results  are 
positive  agglutination  sets  In  rapidly  and  distinct  flakes  are  formed, 
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Fir:.  33-  Zone  of  brucellar  lysis 
at  site  of  -if. pJ  lout  Lun  of  bacter¬ 
iophage. 

while  whom  they  are  nerv.'-  ive  the  suspension  remains  homogeneous . 

In  the  specific  bacteriophage  test  0.1  ml  of  a  bacterial  suspen¬ 
sion  consisting  of  i'.OO  million  ii'  1  billion  cells  from  the  culture  un- 
,er  investigation  In  1  ml  el  phys  U .!  c-glcal  solution  is  applied  to  two 
Petri  dishes  (experimental  arid  control)  containing  Hettinger's  nutri¬ 
tive  (glucose -glycerine)  agar,  liver  agar,  or  3 . 2-1.4#  Martin's  agar 
(pH  --  7.2).  A  spatula  1  ;  used  •  ..pread  the  suspension  uniformly  over 
the  surface  of  the  medium.  When  the  inoculated  agar  In  the  experimental 
dish  has  dried  a  drop  vi  boo' .. ri  phage  is  epuJ  ie  1  to  It  with  a  .'.lender 
Pasteur  pipette.  31'ght.ly  tilting  1  he  tlsh  causes  the  drop  of  bacterio¬ 
phage  to  run  and  form  a  "streak. "  After  the  culture  has  dried  the  dish 
Is  inverted  and  placed  in  a  neater  at  <7°  1 1  get  her  with  the  contr-  1 
(which  contains  no  Pact •**.•! opii-'ge ).  The  results  are  evaluated  twice,  af¬ 
ter  2-t  an  i  hr'  hr.  When  the  resul  • .  nr-?  positive  the  culture  is  lysed 
along  tut  "str  -ak"  /f-’ig.  33). 

His.'-  o'- 1  at  i  on  oi  Prune!  la.  The  simplest  and  mos  t 


widely  used  method 


for  detecting  the  dissociation  of  Brucella  cmltures  are  the  agglutina- 
tlon  reaction  on  slides  with  trypaflavln  and  the  theraoprecipltation 
reaction. 

In  order  to  set  up  the  trypaflavln  reaction  a  drop  of  a  1:500  salt 
(0.85£)  solution  of  trypaflavln  Is  applied  to  a  slide  and  thoroughly 
mixed  with  a  loopful  of  the  culture  under  investigation  (raised  on  agar). 
When  the  results  are  positive,  l.e.,  with  dissociated  strains,  agglu¬ 
tination  sets  In  rapidly  and  distinct  flakes  are  formed.  Undissociated 
strains  do  not  produce  agglutination. 

In  thermopreclpltatlon  2-3  ml  of  a  1-bllllon-cell  suspension  of  a 
2-day  Brucella  culture  In  physiological  solution  Is  heated  In  a  test- 
tube  at  90°  in  a  water  bath  for  30  min.  The  results  are  noted  after  30 
min,  1  hr,  and  24  hr.  Marked  agglutination  occurs  over  these  Intervals 
when  R  forms  are  present,  while  suspensions  of  undlssoclated  strains 
remain  homogeneous. 

Different lat ion  of  species  of  Brucella.  The  various  species  of  Bru- 

\ 

cella  can  be  differentiated  by  Heddelson's  complex  method,  which  in¬ 
volves  determination  of:  1)  the  behavior  of  the  first  generations  of 
the  oultures  lsoited  with  respect  to  carbon  dioxide;  2)  hydrogen  sul¬ 
fide  formation;  3)  sensitivity  to  anallne  dyes  (bacteriostatic  method). 

It  Is  recommended  that  these  procedures  be  supplemented  with:  4)  deter¬ 
mination  of  urease  activity;  5)  study  of  agglut Inability  In  monospeci¬ 
fic  serum. 


The  behavicr  of  the  first  generations  with  respect  to  carbon  diox¬ 
ide  clearly  distinguishes  Br.  abortus  from  Br.  melltensls  and  Br.  suls. 
This  characteristic  cannot  be  used  to  differentiate  the  latter  two  spe¬ 
cies.  However,  cultures  of  Br.  abortus  Initially  raised  in  an  atmo¬ 
sphere  with  an  elevated  carbon  dioxide  content  are  capable  of  growing 
under  ordinary  atmospheric  conditions  when  subsequently  recultured  on 
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nutritive  media. 

The  following  procedure  is  employed  to  obtain  an  elevated  carbon 
dioxide  content:  l)  a  Petri-dlsh  lid  containing  O.35  g  of  sodium  bi¬ 
carbonate  per  liter  of  vessel  volume  is  placed  on  the  bottom  of  the 
vessel  holding  the  culture;  a  short  test-tube  containing  an  equal  quan¬ 
tity  of  hydrochloric  acid  is  placed  in  an  inclined  position  on  the  lid, 
a  short  distance  from  the  soda.  The  vessel  is  tightly  covered  and  care¬ 
fully  shaken;  the  reaction  between  the  acid  and  the  soda  releases  the 
requisite  quantity  of  carbon  dioxide;  2)  carbon  dioxide  is  supplied 
from  a  cylinder  through  a  gasometer  to  a  hermetically  sealed  vessel 
(dessicator)  containing  the  culture  until  a  volume  equal  to  5-10$  of 
the  vessel  volume  has  been  added;  3)  Novae's  method:  cultures  of  Br. 
abortus  are  placed  in  a  hermetically  sealed  vessel  with  cultures  of 
bacteria  which  vigorously  absorb  oxygen  (Bac.  subtilis,  Bac.  prodigio- 
sum,  etc.  ). 

Differentiation  from  hydrogen  sulfide  formation.  It  has  been  es¬ 
tablished  that  cultures  of  Br.  suls  and  Br.  abortus  form  hydrogen  sul¬ 
fide  during  assimilation  of  proteins  and  amino  acids,  while  Br.  meli- 
tensis  either  fails  to  produce  this  gas  or  forms  negligible  quantities 
over  short  periods. 

Br.  suls  produces  hydrogen  sulfide  most  intensively  and  for  the 
longest  period  (for  from  4  to  10  days).  This  characteristic  is  some¬ 
what  less  pronounced  in  Br.  abortus. 

This  method  can  thus  be  used  to  differentiate  Br.  melitensls  from 
Br.  suis  and  Br.  abortus.  The  latter  two  species  cannot  be  distinguished 
by  this  technique.  It  must,  however,  be  kept  in  mind  that  certain 
strains  of  Br.  abortus  and,  occasionally,  of  Br.  suis  do  not  form  hy¬ 
drogen  sulfide.  There  are  also  strains  of  Br.  melitensls  vmlch  produce 
hydrogen  sulf'i;L.  These  atypical  properties  are  apparently  associated 
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with  Incipient  dissociation  of  the  culture 


Method  of  determining  hydrogen  sulfide.  One  standard  loopful  (a 
2  mm  loop)  of  a  suspension  of  the  culture  under  investigation  in  phy¬ 
siological  solution  Is  uniformly  spread  over  the  surface  of  a  liver- 
agar  slant  (pH  -  6. 8-7. 2).  The  suspension  is  prepared  fro®  a  2-day  agar 
culture  and  its  concentration  is  brought  to  1  billion  oella  per  ml  by 
comparison  with  a  turbidity  standard.  Paper  impregnated  with  lead  ace¬ 
tate  is  used  as  the  hydrogen-sulfide  indicator. 

The  darkened  area  of  the  paper ,  measured  in  ailllitetars,  is  the 
irdex  of  the  intensity  of  hydrogen  sulflile  formation.  The  results  are 
evaluated  over  a  period  of  6  days,  noting  thfitl  every  2  days;  the  dark¬ 
ened  paper  is  replaced  with  new  paper  at  eaoh  reading.  The  three  in¬ 
dices  are  added  to  give  a  final  evaluation  of  the  ability  of  the  strain 
to  form  hydrogen  sulfide.  The  total  hydrogen -sulfide -f ormatlon  index 
for  Br.  suis  is  12-18-20  mm,  while  that  for  Br.  abortus  is  5-7  mm. 

Differentiation  from  sensitivity  to  analine  dyes  (bacteriostatic 
method).  The  most  reliable  method  for  differentiating  Brucella  involves 
determination  of  the  bacteriostatio  action  of  analine  dyes  and  was  sug¬ 
gested  by  Heddelson.  Two  stains,  basic  fuohaln  and  thlonine,  are  usual¬ 
ly  'used  in  this  differentiation  technique.  Br.  melltensls  grows  in  me¬ 
dia  containing  both  dyes,  Br.  abortus  grows  only  in  media  containing 
fuchsln,  and  Br.  suis  grows  well  in  the  presence  of  thlonine  but  does 
not  grow  in  media  containing  fuchsln. 

The  most  widely  known  procedure  is  Mayer-Tsobel 's  method  (as  modi¬ 
fied  by  the  Institute  of  Experimental  Medicine  lmeni  Oamaleya  of  the 
Academy  of  Medical  Sciences  USSR),  which  employs  a  semiliquid  medium 
and  two  dyes,  fuchsln  and  thlonine.  The  basic  stain  solutions  are  pre¬ 
pared  in  the  following  manner:  0.1  g  of  dye  is  ground  with  20  ml  of 
alcohol  and  sufficient  distilled  water  is  added  to  make  100  ml,  this 
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yielding  a  0.l£  solution  with  a  20#  alcohol  content.  In  preparing  the 
stain-bearing  medium  agar  is  melted  and  cooled  to  45°  and  the  basic  dye 
solution  is  added  to  it  under  sterile  conditions.  That  dye  concentra¬ 
tion  at  which  clear  differentiation  is  obtained  with  standard  strains 
of  Brucella  is  regarded  as  the  working  dose jf or  example,  the  thionine 
concentration  should  be  1:25,000  (4  ml  of  the  basic  solution  must  con¬ 
sequently  be  added  to  100  ml  of  medium  ).  If  the  final  fuchsin  concen¬ 
tration  in  the  medium  should  be  1:50,000,  2  ml  of  the  basic  dye  solu¬ 
tion  must  be  added  to  100  ml  of  medium. 

In  doubtful  cases,  when  atypical  strains  are  to  be  differented, 
the  bacterium  under  investigation  must  be  cultured  in  media  containing 
various  dye  concentrations  (e.g. ,  from  1:15,000  to  1:40,000  for  thi- 
anine).  After  the  dye  has  been  added  4  ml  portions  of  the  medium  are 
poured  into  test-tubes.  These  are  then  inoculated  with  one  loopful  of 
a  one-billlon-cell  suspension  of  a  48-hr  agar  culture  and  the  resultant 
cultures  are  Incubated  in  a  heater  at  37°.  The  results  are  evaluated 
over  a  6-day  period,  noting  them  every  2  days. 

Brucella  can  also  be  differentiated  by  the  bacteriostatic  method 
on  solid  nutritive  media.  In  this  procedure  quantities  of  the  dyes  suf¬ 
ficient  to  produce  the  requisite  concentration  are  added  to  molten  agar 
and  the  resultant  media  are  poured  into  Petri  dishes  and  dried.  A  sus¬ 
pension  of  a  48-hr  agar  culture  is  prepared  by  emulsifying  one  loopful 
in  0.1  ml  of  salt  solution.  One  loopful  of  this  suspension  is  streaked 
over  the  surface  of  the  dye -containing  agar.  As  many  as  4-6  cultures 
can  simultaneously  be  raised  on  a  single  dish.  The  dishes  are  incubated 
in  a  heater  and  the  results  are  noted  after  24,  48,  and  72  hr. 

Differentiation  on  the  basis  of  determination  of  urease  activity. 
It  has  been  established  that  all  species  of  Brucella  possess  urease  ac¬ 
tivity,  but  that  it  varies  in  extent  from  species  to  species.  It  is  re- 
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commended  that  Christensen's  medium  be  used  for  determination  of  urease 
activity. 

This  medium  has  the  following  composition:  peptone  -  1  g,  sodium 
chloride  -5s,  raonosubstituted  potassium  phosphate  —  2  g,  phenol  red  - 
0.012  g,  glucose  -  1  g,  agar-agar  -  20  g,  and  distilled  water  -  1000  ml. 

After  all  the  ingredients  have  been  dissolved  In  thA  water  the  pH 
is  adjusted  to  6.8  and  5  ml  portions  of  the  'tedium  are  poured  into  test- 
tubes  and  sterilized  under  a  pressure  of  1  atm  (at  121*)  for  20  min. 

The  medium-containing  tubes  are  then  cooled  to  $0*  and  20$f  urea  (pre- 
Imlnarily  sterilized  and  passed  through  a  Zeitz  filter)  is  added  in  a 
quantity  sufficient  that  its  final  concentration  is  2#.  The  medium  is 
cooled  with  the  tubes  in  an  Inclined  position. 

This  agar  medium  is  Inoculated  with  one  loopful  of  the  Brucella 

*  #  .  , 

culture.  The  cultures  are  Incubated  at  room  temperature  And  observed 

*  •  »  • 

over  a  5-hr  period,  between  the  19th  and  24th  hours. 

When  Br.  suls  is  present  the  medium  taka*  on  a  reddish  tint  almost 
immediately  and  turns  red  within  15-20  min.  When  Br.  melitensis  is  pre¬ 
sent  the  medium  becomes  reddish  within  20  mini  and  red  within  2  hrs. 

When  Br.  abortus  is  present  the  medium  beocsMa  reddish  after  18-20  hr 
and  requires  at  least  one  day  to  turn  red.  Br.  suis  produces  urease 
more  rapidly  and  more  intensively  than  the  other species  of  Bruoella, 

Br.  abortus  exhibiting  this  property  to  a  far  lesser  extent.  Br.  meli¬ 
tensis  occupies  an  intermediate  position  and  has  a  variable  urease  ac¬ 
tivity  (Renu  and  Katrefazh). 

Determination  c f  urease  activity  cannot  be  employed  as  an  indepen¬ 
dent  technique  for  differentiating  the  Speoles  of  Brucella,  since  it 
cannot  distinguish  Br.  melitensis  from  Br.  suis  and  Br.  abortus. 

In  addition  to  these  methods,  the  species  of  Brucella  can  be  dif¬ 
ferentiated  serologioally,  utilizing  a  direct  agglutination  reaction 
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with  monospecific  sera  or  agglutinin  adsorption  by  Castelliani 's  method 

The  agglutination  reaction  with  monospecific  sera  makes  it  possi¬ 
ble  to  differentiate  Brucella  strains  with  typical  antigenic  structures 
Serological  investigation 

Serological  methods  include  the  volumetric  agglutination  reaction 
in  test-tubes  (Wright's  reaction),  the  rapid  agglutination  reaction  on 
plates  (Heddleson's  reaction),  the  centrifugation-accelerated  agglutin¬ 
ation  reaction,  the  complement -fixation  reaction,  and  a  number  of  oth¬ 
ers  which  are  net  widely  used. 

Wright's  agglutination  reaction  is  the  most  common  technique  for 
the  laboratory  diagnosis  of  brucellosis.  It  is  positive  at  the  very 
outset  of  the  illness,  occasionally  even  on  the  first  day  of  fever. 

High  agglutination  tltres  usually  persist  throughout  the  febrile  period 
and  then  decrease  sharply.  Wright's  reaction  sometimes  remains  positive 
for  up  to  2-4  years.  It  must,  however,  be  kept  in  mind  that  there  are 
cases  of  typical  brucellosis  in  which  a  positive  hemoculture  is  ob- 
alned  but  the  agglutination  reaction  stays  negative.  It  should  also  be 
■.oted  that  Wright's  reaction  may  be  weakly  positive  in  certain  other 
Infectious  diseases  (tularemia,  typhus,  typhoid,  etc.). 

So-called  proagglutlnat ion  zones,  i.e.,  a  negative  result  in  tubes 
containing  low  serum  dilutions  and  a  markedly  positive  result  at  higher 
dilutions,  may  be  observed  in  Wright's  reaction;  it  is  also  possible 
for  agglutination  to  fall  to  occur  in  the  middle  of  a  series  of  dilu¬ 
tions.  The  appearance  of  the  zone  phenomenon  is  apparently  associated 
with  the  presence  of  incomplete  (blocking)  antibodies  In  the  blood  se¬ 
rum. 

The  blood  serum  to  be  Investigated  is  obtained  in  the  usual  manner. 

The  physiological  solution  used  to  dilute  the  serum  and  antigen 
should  contain  0.5$£  carboLIc  acid. 
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TABLE  32 

Preparation  of  Turbidity  Standard  for  Evaluating 
Wright's  Reaction 
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1)  Test-tube  No.;  2)  basic  antigen  dilution;  3)  antigen  concentration, 
billions  of  cells  per  ml;  4)  0.5#  carbolinized  physiological  solution, 
ra. ;  5)  turbidity  standard;  6)  ml  of  antigen  from  each  test-tube;  7)  to 
tc-l  volume,  ml;  8)  degree  of  agglutination;  9)  plusses. 


The  reaction  is  set  up  with  1  ml  of  each  of  no  less  than  5  dilu¬ 
tions  (from  1:50  to  1:800).  Brucellosis  monodiagnostic  serum  containing 
10  billion  cells  per  ml  is  employed  as  the  antigen.  It  is  preliminarily 
diluted  by  a  factor  of  10  with  physiological  solution. 

The  procedure  for  stepping  up  Wright's  reaction  is  simiir  to  that 
for  Widal's  reaction. 

The  reaction  is  accompanied  by  two  controls  -  serum  and  antigen. 
The  test-tubes  are  incubated  in  a  heater  for  20-24  hr  and  then  at  room 
temperature  for  18-20  hr.  The  reaction  is  evaluated  with  the  unaided 
eye,  using  a  four-plus  scale. 

That  serum  dilution  which  yields  agglutination  in  no  less  than  50# 
of  the  tubes  is  assumed  to  be  the  maximum  titre. 

The  following  scheme  is  recommended  for  diagnostic  evaluation  of 
the  results  of  the  reaction:  agglutination  at  a  titre  of  1:50  -  doubt¬ 
ful  result,  at  a  titre  of  1:100  -  weakly  positive  result,  at  a  titre  of 
1:200-1:400  —  positive  result,  and  at  a  titre  of  1:800  or  more  -  sharp¬ 
ly  positive  result. 
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When  a  negative  or  doubtful  reaction  (a  titre  of  1:50)  Is  obtained 
it  is  recommended  that  the  patient's  serum  be  reexamined  after  7-10 
days. 

In  accordance  with  a  decision  of  the  Expert  Committee  on  Biologi¬ 
cal  Standardization  of  the  Ministry  of  Public  Health,  the  degree  of 
clarification  and  hence  of  agglutination  is  determined  by  comparison 
with  turbidity  standards  prepared  in  the  following  manner:  portions  of 
1,  2,  3 ,  and  4  ml  of  antigen  diluted  to  1  billion  cells  per  ml  are 
successively  added  to  4  test-tubes  and  portions  of  3 ,  2,  and  1  ml  of 
carbolinized  physiological  solution  are  then  successively  added  to  the 
first  three  tubes.  After  the  contents  have  been  shaken  portions  of  0.5 
ml  of  each  antigen  dilution  are  transferred  to  new  test-tubes  and  0.5 
ml  of  carbolinized  physiological  solution  is  added.  These  turbidity 
standards  correspond  to  75,  50,  and  25#  clarification  and  no  clarifica¬ 
tion  (see  Table  34). 

The  turbidity  standards  are  made  up  fresh  each  time  a  reaction  is 
.onducted  and  are  prepared  under  the  conditions  which  obtain  in  the  ba- 
,1c  experiment.  It  is  recommended  that  the  serum  titre  be  determined 
from  the  dilution  which  yields  50#  agglutination.  When  the  reaction  Is 
evaluated  by  comparison  with  turbidity  standards  there  is  no  need  to 
set  up  an  antigen  control.  When  employing  this  evaluation  method  it  is 
very  important  to  use  test-tubes  of  the  same  diameter  in  the  basic  ex¬ 
periment  and  for  the  turbidity  standards. 

Heddleson's  reaction  is  a  method  for  the  rapid  diagnosis  of  bru¬ 
cellosis  and  is  specific.  Its  sensitivity  is  due  to  the  fact  that  the 
reaction  takes  place  with  undiluted  serum  and  concentrated  antigen.  The 
serum  to  be  tested  should  be  absolutely  clear.  Undiluted  brucellosis 
monodiagnostic  serum  of  the  type  used  for  the  volumetric  agglutination 
reaction  is  employed  as  the  antigen.  The  reaction  is  accompanied  by  two 


controls:  l)  a  serum  control  for  each  serum  tested;  2)  an  antigen  con¬ 
trol  for  each  series  of  antigen. 

Agglutination  by  the  plate  method  Is  carried  out  In  the  following 
manner:  the  sheet  of  glass  on  which  the  reaction  Is  set  up  is  divided 
Into  4  x  4  cm  squares.  There  should  be  6  squares  in  each  horizontal 
row.  The  left-hand  square  is  labeled  with  the  number  of  the  serum  to  be 
tested  and  quantities  of  0.04-0.02-0.01-0.02  ml  of  the  serum  are  ap¬ 
plied  to  successive  squares  (with  a  1  ml  micropipette  or  graduated  pi¬ 
pette).  A  pipette  is  used  to  add  0.03  ml  of  antigen  to  each  of  the  first 
ti  ree  serum  doses.  A  0.03  ml  portion  of  physiological  solution  is  added 
to  the  last  dose  (0.02  ml),  this  being  the  serum  control.  The  serum  is 
carefully  mixed  with  the  antigen,  using  a  glass  rod  and  beginning  at 
the  lowest  serum  dose. 

For  the  antigen  control  0.03  ml  of  physiological  solution  is  added 
to  0.03  ml  of  antigen. 

The  glass  is  then  uniformly  heated  over  an  alcohol  flame  in  such 
fashion  that  its  entire  surface  reaches  a  temperature  of  approximately 
37°  (which requires  about  2  min).  When  the  reaction  is  positive  distinct 
flakes  appear  within  the  first  few  minutes.  The  maximum  observation 
time  is  C  min. 

The  results  are  evaluated  with  the  unaided  eye,  using  the  follow¬ 
ing  scale:  complete  clarification  with  formation  of  coarse-  or  fine¬ 
grained  flakes  -  100$S  agglutination  (++++);  almost  complete  clarifica¬ 
tion  and  formation  of  distinct  flakes  -  75#  agglutination  (+++);  slight 
clarification  and  formation  of  noticeable  flakes  -  50#  agglutination 
(++);  cloudy  liquid  with  scarcely  noticeable  granularity  (+);  uniformly 
cloudy  liquid  (-•). 

The  reaction  is  regarded  as  positive  when  the  agglutination  regis¬ 
ters  at  least  two  plusses  (++)  on  this  scale. 
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The  serum  dilutions  obtained  with  the  plate  method  are  not  com¬ 
parable  to  those  in  the  agglutination  reaction  in  test-tubes  (Wright's 
reaction)  and  cannot  be  expressed  os  titres.  The  following  scheme  is 
consequently  recommended  for  diagnostic  evaluation  of  the  results;  no 
agglutination  at  any  serum  dose  -  negative  reaction;  agglutination  at 
first  dose  (0. 04  ml  of  serum)-  doubtful  reaction;  agglutination  at  se¬ 
cond  or  third  dose  (0.02-0.01  ml)  -  positive  result;  four-plus  agglu¬ 
tination  at  all  doses  -  sharply  positive  reaction. 

Only  a  positive  result  is  of  value  in  diagnosing  brucellosis. 

When  a  doubtful  result  is  obtained  it  is  recommended  that  the  re¬ 
action  be  repeated  after  7-10  days  and  that  an  allergy  test  be  conduct¬ 
ed.  Repetition  of  the  reaction  is  also  recommended  when  a  negative  re¬ 
sult  is  obtained  in  the  presence  of  epidemiological  or  epizootological 
indications. 

Since  the  agglutination  reaction  on  glass  is  a  qualitative  reac¬ 
tion  and  cannot  be  used  to  detera  ■  a  titre,  it  is  essentially  recom¬ 
mended  only  for  mass  examinations.  The  classical  agglutination  reaction 
m  test-tubes  must  be  employed  under  hospital  conditions  and  in  examin¬ 
ing  blood  donor3,  when  it  Is  necessary  to  determine  the  agglutinin  ti- 
tre  and  its  dynamics. 

Other  reactions  have  been  proposed  for  the  rapid  diagnosis  of  bru¬ 
cellosis,  including  ti.e  centrifugation-accelerated  agglutination  reac¬ 
tion,  the  blood-drop  method,  Noble's  reaction,  the  precipitation  reac¬ 
tion,  Meinicke's  flocculation  reaction,  etc. 

The  majority  of  these  reactions  have  not  been  studied  with  suffi¬ 
cient  thoroughness  and  are  not  widely  used.  The  centrifugation -accel¬ 
erated  agglutination  reaction  (M. 0.  Lokhov)  is  rather  interesting.  The 
advantage  of  this  method  lies  in  the  fact  that  it  does  not  require  a 
heater,  since  centrifugation  replaces  the  action  of  heat.  Moreover,  the 


final  re3ult  of  the  reaction  can  he  obtained  40-60  min  after  It  begins. 
In  this  procedure  the  agglutination  reaction  la  set  up  in  the  usual  man¬ 
ner,  beginning  at  a  serum  dilution  of  1:50.  Standard  diagnostic  sera 
are  employed  as  the  antigen.  Thu  reaction  is  accompanied  by  serum  and 
antigen  controls.  Centrifugation  is  carried  out  in  ordinary  manual  or 
milk  centrifuges  for  20-30  min.  The  results  are  evaluated  on  the  scale 
used  for  Wright's  reaction. 

It  should  be  noted  that  the  agglutination  reaction  is  conducted 
with  cerebrospinal  fluid  for  diagnosis  of  brucellar  damage  to  the  cen- 
t.al  nervous  system. 

The  complement-fixation  reaction  is  a  fully  specific  test  for  bru¬ 
cellosis  and  is  of  high  sensitivity  (M.L.  Peder). 

This  reaction  appears  somewhat  later  than  Wright's  reaction,  but 
persists  substantially  longer.  The  reaction  is  set  up  in  the  usual  man¬ 
ner,  using  Buaven's  antigen,  a  heat-killed  suspension  of  brucella  in 
physiological  solution,  or  an  antigen  specially  prepared  for  the  comple¬ 
ment-fixation  reaction. 

It  is  recommended  that  the  prolonged  complement-fixation  reaction 
under  refrigeration  be  used  to  detect  small  quantities  of  antibodies. 
This  qualification  of  the  reaction  (PCFR)  can  also  be  employed  to  de¬ 
tect  brucellosis  antigen  in  the  serum  of  brucellosis  patients. 

Detection  of  Brucella  by  biological  testing 

If  the  material  under  examination  is  contaminated  or  has  a  low 
Brucella  concentration,  the  only  reliable  investigative  technique  is 
the  biological  method. 

Guinea  pigs  and  white  mice  are  the  laboratory  animals  most  suscep¬ 
tible  to  brucellosis.  These  animals  can  be  inoculated  by  any  ordinary 
method,  but  it  is  best  to  inject  the  material  to  be  studied  subcutan¬ 
eously  into  the  inguinal  region  in  doses  of  no  more  than  0.5  ml  for 
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white  mice  and  1  ml  fop  guinea  pigs.  The  advantage  of  subcutaneous  In¬ 
guinal  Injection  lies  in  the  fact  that  It  Is  possible  to  detect  a  re¬ 
gional  Infection  in  the  lymph  nodes  (inguinal  and  paraaortic). 

Infected  white  mice  must  be  dissected  within  20  days  after  Inocu¬ 
lation  and  guinea  pigs  within  30  days. 

Bacteriological  Investigation  of  the  Infected  animals  Is  most  ef¬ 
fective  when  organ  fragments  and  lymph  nodes  are  subjected  to  mass  cul¬ 
turing  on  nutritive  media.  The  material  must  be  cultured  on  high-qual¬ 
ity  media  which  have  preliminarily  been  checked. 

Before  dissecting  guinea  pigs  an  allergy  test  Is  run  and  blood  is 
taken  from  the  heart  for  Wright’s  reaction  (the  normal  agglutination- 
reaction  tltre  for  guinea  pigs  is  less  than  1:10). 

All  the  lymph  nodes  and  organ  fragments  are  removed  by  puncture 
with  a  sterile  wooden  rod  (which  should  be  25-30  cm  long  and  4-5  mm  in 
diameter)  and  introduced  into  a  test-tube  containing  agar;  there  they 
are  crushed  against  the  wall  of  the  tube  with  the  rod  and  carefully 
ubbed  into  the  surface  of  the  medium.  The  remainder  of  the  culture  ma¬ 
terial  Is  transferred  to  a  test-tube  containing  broth.  The  cultures  are 
incubated  at  37°  for  no  less  than  25-30  days  and  Inspected  every  5-6 
days.  If  the  broth  in  any  of  the  tubes  becomes  cloudy  portions  are 
transferred  to  agar. 

Allergic  reactions 

Burne's  lntracutaneous  allergic  test.  Burne 's  reaction  is  specific 
and  is  distinguished  by  its  high  sensitivity.  It  usually  becomes  posi¬ 
tive  toward  the  end  of  the  first  month  of  illness,  but  may  do  so  even 
earlier.  It  remains  positive  long  after  all  clinical  symptoms  have  dis¬ 
appeared.  This  test  can  consequently  be  used  to  diagnose  both  acute  and 
latent  forms  of  brucellosis  and  to  establish  retrospective  diagnoses. 

It  must  be  kept  in  mind  that  Burne's  reaction  becomes  positive  af- 
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ter  vaccination  with  live  brucellosis  vaccine;  this  reaction  develops 
1-li  months  after  vaccination,  is  quite  pronounced  between  the  2nd  and 
13th  month,  and  then  begins  to  fade. 

The  reaction  is  set  up  with  brucellin,  which  is  a  filtrate  of  a 
3-week  broth  culture  of  Brucella. 

A  dose  of  0.1  ml  of  brucellin  is  injected  intracutaneously  into 
the  forearm  with  a  syringe  and  a  fine  needle. 

A  painful  swelling,  usually  accompanied  by  hyperemia,  develops  at 
the  site  of  the  injection  when  the  reaction  is  positive.  This  edemic 
s  filing  is  the  most  characteristic  sign  of  a  positive  reaction.  It 
varies  in  size,  averaging  approximately  4x6  cm.  The  edemic  area  is 
usually  elongate  or  oval  in  shape  and  is  most  often  distinct  in  out¬ 
line  and  clearly  raised  above  the  normal  skin;  it  may,  however,  be  in¬ 
ternalized  and  less  pronounced,  perceptible  only  on  palpation.  The  re¬ 
action  may  develop  within  7-10  hr,  requiring  24  hr  in  rare  cases,  and 
persists  for  40-50  hr  (occasionally  as  long  as  60-72  hr).  A  reaction 
which  appears  and  disappears  within  6  hr  after  the  brucellin  is  in¬ 
jected  is  regarded  as  nonspecific.  The  reaction  is  evaluated  cn  the  day 
after  the  injection,  by  Infection  (for  edema  and  discoloration)  and 
palpation  of  the  skin  (for  edema).  The  size  of  the  edemic  area  in  cen¬ 
timeters  (length  and  width),  the  degree  of  painfulness,  and  the  extent 
of  the  discoloration  are  noted.  Ifthe  reaction  is  negative  after  24  hr 
it  is  repeated  48  hr  later. 

In  evaluating  the  reaction  pronounced  dermal  edema  at  the  site  of 
the  brucellin  injection  is  regarded  as  indicating  a  positive  allergic 
reaction.  Absence  of  *:ie  pain  and  hyperemia  which  usually  accompany  the 
edema  does  not  exclude  the  possibility  of  a  positive  reaction. 

In  rare  cases  involving  especially  sensitive  individuals  the  local 
reaction  is  accompanied  by  lymphangioitis ,  a  slight  swelling  of  the  re- 
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gional  lymph  nodes,  and,  occasionally,  a  rise  In  body  temperature. 
Opsonic-phagocytic  test 

The  opsonic  capacity  of  the  neutrophils  begins  to  appear  at  ap¬ 
proximately  the  same  time  as  the  allergic  reaction  and  lasts  for  an  in¬ 
definitely  long  period,  especially  in  persons  who  remain  in  contact 

TABLE  33 

Evaluation  of  Opsonic -Phagocytic 
Test 
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1)  Number  of  Brucella  phagocytized  by  one  neutrophil;  2)  evaluation  of 
phagocytosis;  3)  number  of  leucocytes  (neutrophils);  4)  calculation  of 
numerical  index;  5)  or  more;  6)  index. 

.1  ‘•■h  brucellosis.  High  phagocytic  indices  are  also  observed  in  indivi¬ 
duals  who  have  received  live  vaccine. 

The  opsonic -phagocytic  test  is  conducted  and  evaluated  in  the  fol¬ 
lowing  manner:  1  ml  of  the  blood  to  be  studied  is  added  to  a  test-tube 
containing  0.5  ml  of  a  sterile  2%  sodium  citrate  solution.  A  total  of 
0.5  ml  of  special  antigen  prepared  for  this  test  is  immediately  (or 
within  6  hr)  added  to  the  tube.  The  contents  are  thoroughly  mixed  and 
the  tube  is  placed  in  a  heater  or  water  bath  at *37*  for  30  min.  After 
heating  the  tube  is  gently  shaken  and  smears  are  prepared  by  the  usual 
hematological  method.  The  smears  are  fixed  with  Nikiforov's  solution 
and  stained  by  Romanowskiy  or  Kozlovskiy's  method. 

The  reaction  is  evaluated  by  counting  the  phagocytized  Brucella  in 
25  segmented  neutrophils  from  several  areas  of  the  preparation.  Each 
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neutrophil  is  assigned  to  a  group  in  accordance  with  the  number  of  in¬ 
gested  Brucella. 

The  results  of  the  reaction  are  expressed  by  a  numerical  index, 
roughly  following  the  scheme  shown  in  Table  33* 

The  minimum  phagocytic-activity  index  is  zero  (25  x  0  ■  0).  The 
maximum  index  is  75  (3-plus  phagocytosis  in  all  25  leucocytes). 

As  a  guideline  it  can  be  assumed  that  Indices  of  10-24  character¬ 
ize  a  weakly  positive  reaction,  indices  of  25-49  a  markedly  positive 
reaction,  and  indices  of  50-75  a  sharply  positive  reaction. 

In  the  majority  of  healthy  persons  the  phagocytic -activity  index 
is  0  or  1,  very  rarely  reaching  3-5* 

Detection  of  Brucella  in  environmental  objects 

Investigation  of  milk  and  foodstuffs.  Milk  and  dairy  products  are 
one  of  the  basic  sources  of  human  brucellosis.  Their  importance  in  the 
epidemiology  of  this  disease  is  attributable  to  the  fact  that  Brucella 
retain  their  viability  for  prolonged  periods  in  such  substances.  The 
time  for  which  Brucella  remain  viable  in  raw  milk,  dairy  products,  and 
meat  varies  ithln  rather  wide  limits,  from  several  days  to  months, 
years,  or  longe” .  depending  on  the  temperature,  humidity,  method  of 
preservation,  and  other  factors.  According  to  some  data,  these  bacteria 
remain  viable  in  milk  and  dairy  products  for  as  long  as  they  are  fit 
for  consumption. 

Methods  based  on  serological  principles  are  now  widely  used  to 
examine  milk  for  bruoelloals.  These  Include  the  agglutination  reaction 
on  plates  and  the  ring  test  with  colored  antigen. 

The  agglutination  reaction  on  plates  is  specific  and  sensitive  and 
can  be  conducted  with  either  whole  milk  or  whey.  The  latter  is  obtained 
by  adding  rennln  or  a  mixture  of  1  g  of  pepsin,  1  ml  of  dilute  (1:2)  hy¬ 
drochloric  acid,  and  8  ml  of  distilled  water  to  the  milk  and  heating  it 
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in  a  water  bath.  The  whey  thus  obtained  Is  applied  to  a  slide  and  Hed- 
dleson's  antigen  Is  added  to  It.  The  mixture  Is  then  slightly  heated 
over  a  Bunsen-bumer  flame  and  the  results  of  the  reaction  are  evalua¬ 
ted. 

The  annular  precipitation  reaction  Is  used  only  for  Investigating 
whole,  fatty  milk. 

In  setting  up  this  test  2  drops  cf  a  specially  prepared  colored 
brucellar  antigen  (blue  or  red)  Is  added  to  2  ml  of  milk.  The  test-tube 
Is  shaken  and  placed  In  a  heater  at  37-38°  for  40-60  min.  When  the  re¬ 
sults  are  positive  annular  precipitation  occurs  In  the  surface  layer  of 
the  milk,  a  colored  ring  forming,  while  when  the  results  are  negative 
no  such  ring  Is  produced,  the  milk  retaining  the  color  of  the  antigen. 

Bacteriological  and  biological  methods  are  also  used  to  detect 
contamination  in  milk  and  dairy  products,  particularly  brynza  [a  Rus¬ 
sian  cheese],  sour  cream,  etc. 

Bacteriological  cultures  are  made  in  dye -containing  nutritive  me- 
la  (in  order  to  retard  the  growth  of  extraneous  microorganisms).  The 
^..lk  Is  first  centrifuged  and  cultures  are  made  from  the  cream  and  the 
sediment.  In  order  to  speed  up  the  results  it  Is  recommended  that  the 
material  to  be  examined  be  preliminarily  cultured  in  egg  yolks  and  then 
transferred  to  solid  nutritive  media. 

Biological  testing  is  conducted  by  inoculating  guinea  pigs  or  white 
mice  and  subsequently  performing  autopsies. 

Solid  foodstuffs  (meat,  brynza,  etc.)  are  first  crushed  in  a  ster- 

.  5 

lie  porcelain  mortar  and  then  suspended  in  physiological  solution.  The 
suspension  is  centrifuged  to  concentrate  the  Brucella,  adding  brucel¬ 
lar  agglutinative  serum  beforehand.  The  centrifugate  thus  obtained  is 
cultured  In  nutritive  media  containing  dyes  and  brucellar  antiphage 
serum  and  In  egg  yolks  and  used  to  Inoculate  laboratory  animals. 
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Soil,  manure,  feeds,  water,  and  other  environmental  objects  become 


sources  of  human  infection  after  contamination  with  various  excreta 
from  brucellosis -infected  animals  (urine,  feces,  sexual  secreta,  etc.)* 
Examination  of  such  environmental  objects  for  brucellar  contamination 
is  greatly  hampered  by  the  presence  of  extraneous  microorganisms,  par¬ 
ticularly  E.  coll.  In  addition  to  bacteriological  investigation  by  cul¬ 
turing  on  dye -containing  nutritive  media  and  in  egg  yolks  and  biologi¬ 
cal  testing,  the  bacteria  must  be  concentrated  on  membrane  filters. 

It  is  known  that  the  causative  agent  of  brucellosis  is  retained  on 
Nv.  1  membrane  filters.  Better  deposition  is  provided  by  two  sterile 
I.'o.  1  filters  placed  one  on  top  of  the  other  and  mounted  in  a  Zeitz  ap¬ 
paratus.  After  the  material  to  be  investigated  has  been  filtered  the 
membrane  filters  are  transferred  to  a  Petri  dish  (individually)  with  a 
sterile  forceps  and  pressed  gently  against  the  surface  of  the  medium. 

The  side  of  the  filter  bearing  the  deposited  bacteria  should  face  up¬ 
ward.  When  colonies  suspected  of  being  Brucella  appear  on  the  filter 
they  are  identified  by  the  usual  techniques. 

Culturing  of  pulverized  filters  in  egg  yolks  is  also  recommended; 
in  this  procedure  the  pulverized  membrane  filter  is  placed  In  a  test- 
tube,  2  ml  of  physiological  solution  containing  gentian  violet  Is  added, 
the  contents  are  shaken  for  5-10  min,  and  the  tube  is  left  to  stand  for 
30  min.  The  supernatant  Js  then  cultured  in  egg  yolks  (this  method  was 
developed  by  the  Odessa  Institute  of  Experimental  Medicine). 

The  increasing  phage-titre  reaction  can  also  be  used  to  investi¬ 
gate  environments'  objects.  This  method  is,  however,  of  very  limited 
value,  since  it  can  be  employed  only  to  indicate  Brucella  in  uncontam¬ 
inated  material  (e.g.,  tap  water).  It  cannot  be  used  for  objects  con¬ 
taining  extraneous  microorganisms,  particularly  E.  coll,  since  the  lat¬ 
ter  suppresses  the  growth  of  Brucella  and  retards  the  increase  in  phage 
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Of  particular  interest  Is  the  technique  for  detecting  Brucella 
based  on  the  ability  of  sensitized  guinea  pigs  to  react  to  intracutan- 
eous  injection  of  a  Brucella  suspension  within  24-28  hr. 

This  method  makes  it  possible  to  detect  Brucella  in  quantities  of 
100  million  within  24  hr  and  10  million  within  48  hr  when  they  are 
mixed  with  large  numbers  of  other  bacteria  (A. A.  Golubeva). 

Increasing  Fh&ge-Tltre  Reaction 
Prof.  D.M.  Gol'dfarb 

The  increasing  phage -titre  reaction  can  be  employed  for  detection 
of  Brucella  in  certain  environmental  objects  (N.N.  Ostrovskaya  and  D.M. 
Gol'dfarb).  The  indicator  phage  is  the  typospeclfic  phage  for  Br.  abor¬ 
tus,  which  was  isolated  by  M.Z.  Papkhadze  and  T.T.  Abashidze.  This 
phage  is  specific  within  the  genus  Brucella,  since  It  reacts  only  with 
Br.  abortus.  The  phage  titre,  determined  by  Grazia's  method,  is  10^- 
1010  particles  per  ml.  The  phage  is  characterized  by  a  very  long  latent 
.eviodj  depending  on  the  experimental  conditions  ,  it  reproduces  in  cul¬ 
tures  of  Br.  abortus  after  12-24  hr  of  incubation  at  37° •  Investigations 
involving  artificially  infected  broth  have  shown  that  It  is  possible  to 
detect  100,000  cells  per  ml  after  24  hr,  1000  cells  per  ml  after  48  hr, 
and  10  cells  per  ml  after  72  hr.  Subsequent  experiments  established 
that  it  is  possible  to  use  the  increasing  phage-titre  reaction  to  de¬ 
tect  Brucella  in  artificially  Infected  tap  water.  The  procedure  for 
setting  up  the  reaction  with  water  is  somewhat  different  from  that  for 
dysentery  or  typhoid  bacteria.  In  order  to  suppress  the  extraneous  mi¬ 
croflora  gentian  violet  is  added  to  the  water  under  investigation  in  a 
dose  of  0.1  ml  (of  a  0.04#  solution)  per  100  ml.  The  remainder  of  the 
reaction  is  conducted  in  the  usual  manner.  The  sensitivity  of  the  in¬ 
creasing  phage-titre  reaction  depends  on  the  volume  of  water  to  be 


studied  and  is  highest  at  low  volumes,  of  the  order  of  1  ml.  The  mini¬ 
mum  quantity  of  Brucella  detectable  in  water  after  48  hr  of  exposure  to 
the  Indicator  phage  is  1000  cells  per  ml.  The  increasing  phage-titre 
reaction  does  not  give  positive  results  in  investigating  infected  soil 
or  milk,  since  the  phage  titre  does  not  rise  even  as  a  result  of  pro¬ 
longed  incubation;  this  is  due  to  the  fact  that  the  material  contains 
large  quantities  of  extraneous  microorganisms,  which  suppress  the 
growth  of  Brucella  and  make  it  impossible  for  the  phage  to  reproduce. 

The  Increase  phage-titre  reaction  can  thus  be  utilized  to  detect  Bru- 
c  11a  in  environmental  objects  comparatively  uncontaminated  with  ex¬ 
traneous  microorganisms.  In  such  cases  the  presence  of  Brucella  can  be 
established  more  quickly  than  in  bacteriological  investigation. 
Nutritive  Media 

Liver  infusion.  Fresh  beef  liver  is  cleaned  of  fat  and  membranes 
and  passed  through  a  meat-grinder.  The  ground  meat  is  flooded  with  tap 
water  (l  liter  of  water  per  kg  of  meat)  and  left  to  stand  at  25-30°  for 
3  hr  or  at  4-10°  for  6-10  hr.  The  mixture  is  stirred  and  cooked  in 

blowing  steam  in  an  autoclave  for  20  min.  It  can  also  be  cooked  In  a 

pot,  provided  that  it  is  constantly  stirred.  The  scum  which  forms  is 
removed  during  the  cooking  process  and  the  mixture  is  stirred  once  more 
and  boiled  for  approximately  2  hr.  After  cooking  the  infusion  is  fil¬ 
tered  through  a  thin  cotton  gauze  filter. 

The  liver  infusion  thus  obtained  is  poured  into  bottles  and  ster¬ 
ilized  at  115-120°  for  20  min. 

Liver  broth.  A  total  of  500  ml  of  tap  witer,  10  g  of  dry  peptone, 
and  5  g  of  chemically  pure  sodium  chloride  are  added  to  500  ml  of  liver 
infusion. 

The  mixture  is  filtered,  its  pH  is  adjusted  to  7*4,  and  it  is  then 

filtered  through  filter  paper  and  sterilized  at  115-120°  for  20  min; 
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the  broth  has  a  pH  of  7* 1-7- 2  after  sterilization. 


Liver  agar.  A  total  of  500  ml  of  tap  water,  10  g  of  dry  peptone, 

5  g  of  chemically  pure  sodium  chloride,  and  25  g  of  agar  washed  with 
tap  water  and  thoroughly  dried  are  added  to  500  ml  of  liver  infusion. 
The  pH  is  adjusted  to  7*4  and  the  medium  is  cooked  until  the  agar  dis¬ 
solves  and  poured  into  appropriate  vessels  (in  1-2  liter  portions).  It 
is  then  autoclaved  at  115°  for  20  min,  permitted  to  settle,  and  fil¬ 
tered  through  a  cotton  gauze  filter  (which  13  preliminarily  wetted  with 
warm  water).  The  pH  is  then  readjusted  to  7* 1-7- 2.  The  medium  is  poured 
into  vessels  of  the  requisite  capacity  and  sterilized  at  115*  for  20 
min. 

"Al'blml"  agar  medium  (as  modified  by  the  Institute  of  Microbio¬ 
logy  and  Epidemiology  lmenl  Gamaleya  of  the  Academy  of  Medical  Sciences 
USSR).  A  total  of  20  g  of  dry  peptone,  10  ml  of  yeast  water,  5  g  of 
chemically  pure  sodium  chloride,  and  20  g  of.  agar-agar  are  added  to  1 
liter  of  distilled  water.  The  pH  is  adjusted  to  7-3  and  all  the  ingre¬ 
dients  are  dissolved  by  autoclaving;  the  solution  is  filtered  through  a 
cotton  filter  (preliminarily  wetted  with  warm  water  and  thoroughly 
wrung  out).  At  this  point  1  g  of  glucose  and  0.1  g  of  bisulfite  are 
added.  The  pH  is  again  adjusted  to  7* 2-7. 3  and  the  medium  is  poured  In¬ 
to  appropriate  vessels  (test-tubes,  flasks,  etc.)  and  sterilized  In 
running  steam  for  40  min  and  then  at  110°  for  20  min. 

Yeast  water  consists  of  1  kg  of  baker's  yeast  and  1  liter  of  dis¬ 
tilled  water.  The  mixture  is  boiled  until  the  yeast  dissolves  and  then 
filtered  through  a  linen  filter.  The  solution  can  be  stored  under  chlo¬ 
roform  in  a  dark  place  for  no  more  than  2  weeks. 

Medium  D  (method  devised  by  the  Institute  of  Epidemiology  and  Mi¬ 
crobiology  imenl  Gamaleya  of  the  Academy  of  Medical  Sciences  USSR),  a) 
Broth  D:  2.5  g  of  powdered  standard  broth  D  is  added  to  100  ml  of  cold 
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distilled  water,  heated,  and  thoroughly  mixed  until  it  completely  dis¬ 
solves.  The  solution  is  then  filtered,  poured  into  appropriate  vessels, 
and  sterilized  at  120°  for  20  min;  its  pH  should  be  7* 1-7* 2. 

b)  Agar  Di  5  g  of  powdered  standard  agar  D  is  added  to  100  ml  of 
cold  distilled  water;  the  mixture  is  heated  and  stirred  until  the  agar 
completely  dissolves,  not  permitting  it  to  burn.  The  medium  is  then 
filtered,  poured  into  appropriate  vessels,  and  sterilized  at  120°  for 
20  min;  its  pH  should  be  7*2. 

Potato  medium  (formula dsvlsed  by  the  Control  jnstltute  for  Veterl- 
±  -try  Preparations).  Selected  large  potatoes  are  waJhed  and  peeled;  1 

v 

liter  of  distilled  water  is  added  to  1  kg  of  the  potatoes  and  they  are 
cooked  until  done.  The  liquid  is  then  poured  off  and  measured,  suffi¬ 
cient  distilled  water  is  added  to  bring  it  to  its  initial  volume,  and 
it  is  filtered  through  a  double  gauze  filter.  The  following  Ingredients 
are  then  added: 

Peptone  -  10  g 

Chemically  pure  sodium  chloride  -  5  g 

Glycerine  —  30  ml 

Washed  agar-agar  -  30  g 

l 

The  mixture  is  placed  in  a  pot  and  boiled  until  the  agar  has  com¬ 
pletely  dissolved;  its  pH  is  adjusted  to  7.2  with  10#  sodium  hydroxide. 
The  medium  is  then  sterilized  in  an  autoclave  at  116®  tap  30  min,  fil¬ 
tered,  measured,  mixed  with  10  g  of  glucose,  and  resterilized  at  116° 
for  30  min. 

Mayer-Tsobell 's  medium  (as  modified  by  the  Institute  of  Epidemio¬ 
logy  and  Microbiology  lmenl  Qamaleya  of  the  Academy  of  Medical  Sciences 
USSR).  A  total  of  1  ml  of  distilled  water  is  added  to  900  g  of  ground 
meat  and  the  mixture  is  boiled  for  half  an  hour.  The  resultant  decoc¬ 
tion  is  filtered  through  cotton,  brought  to  its  initial  volume  (1  liter) 
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with  distilled  water,  and  then  mixed  with  5  g  of  chemically  pure  sodium 
chloride,  2  g  of  peptone,  and  2  g  of  agar;  when  the  latter  ingredients 
have  been  dissolved  (by  heating)  the  medium  is  refiltered  and  its  pH  is 
adjusted  to  7*2.  Portions  of  100  ml  are  poured  into  flasks  ard  sterilized 
in  an  autoclave  at  115°  for  20  min.  The  medium  should  have  a  pH  of  6.8- 
7.2  after  sterilization. 

Basic  dye  solutions  are  added  to  the  semiliquid  medium  before  use 
(see  above). 

LEPTOSPIROSIS 
Prof.  V.V.  Anan'in 

The  leptospiroses  are  a  group  of  infectious  diseases  of  man  and 
domestic  animals  and  are  etiologically,  pathogenetically,  pathologoan- 
atomically,  and  epidemiologicaily  similar.  They  occur  in  many  of  the 
nations  of  Europe,  Asia,  the  Americas,  and  Africa,  as  well, as  in  Aus¬ 
tralia,  and  have  been  recorded  as  sporadic  cases  and  epidemics  in  humans 
and  domestic  animals. 

The  causative  agents  of  these  diseases  are  microorganisms  of  the 
genus  Leptospira  Noguchi,  which  belong  to  the  family  Treponemataceae. 

In  addition  to  pathogenic  Leptospira,  there  is  a  large  number  of 
saprophytic  species,  which  live  free  in  artificial  and  natural  bodies 
of  water,  in  moist  soil,  etc. 

All  pathogenic  and  saprophytic  Leptospira  are  virtually  indistin¬ 
guishable  morphologically.  At  the  same  time,  their  morphological  char¬ 
acteristics  are  typical  only  of  Leptospira  and  are  diagnostic  for  this 
genus . 

Morphology  of  Leptospira 

The  basic  structural  characteristics  of  Leptospira  can  be  seen 
in  the  dark-field  microscopy  of  live  Leptospira  (in  a  compressed  or 
hanging  drop),  in  examination  of  smears  stained  by  the  Romanowsky-Oiem- 

-  472  - 


Pig.  3^*  Leptospira  in  dark  field  (photograph  with  brightness  booster), 
.'jtj  *  objective,  5  x  eyepiece  (photograph  by  M.Ya.  Korn). 


Fig.  35*  Structural  diagram  of  Lep¬ 
tospiras  axial  thread  and  plasma 
spiral  (after  Alston  and  Broom). 


sa  or  other  methods,  and  particularly  in  electron  microscopy. 

Unstained  live  Leptospira  are  semitransparent,  since  they  refeact 
light  only  slightly.  Materials  containing  live  Leptospira  (urine,  blood 
cerebrospinal  fluid,  tissue  and  organ  suspensions,  cultures,  etc.)  are 
consequently  examined  by  dark-field  microscopy;  this  technique  shows 
Leptospira  to  be  silvery  white  helical  threads  with  hook-like  bends 
at  their  ends.  The  fine  turns  of  the  helix  are  closely  packed  (18  turns 
in  9  |i),  which  gives  it  the  appearance  of  a  string  of  pearls  or  a  "gar¬ 
land  of  roses"  (Fig.  3*0- 

Live  Leptospira  are  very  mobile:  in  liquid  media  they  are  charac- 


terlzed  by  rapid  linear  movement,  circular  motions,  or  stationary  rota¬ 
tion.  In  the  latter  case  the  terminal  apparatae  rotate  actively,  while 
the  central  portion  (body)  of  the  microorganism  remains  rigid.  Lepto¬ 
spira  in  scmlllquld  media  (e.g.,  semiliquid  agar)  are  characterized  by 
zigzag  movement. 

The  dimensions  and  structural  details  of  Leptospira  are  determined 
in  stained  preparations  and  by  electron  microscopy.  They  average  from 
7  to  14  n  in  length,  but  both  longer  (up  to  30  4)  and  shorter  (3-4  4) 
specimens  are  encountered;  their  mean  diameter  is  0.07-0.14  (x  and  the 
average  pitch  of  the  primary  helix  is  0.25  M-  Leptospira  have  a  slender 
rigid  axial  filament  (200-300  A  in  diameter)  and  a  cytoplasmic  helix 
which  surrounds  the  filament  with  uniform  turns.  The  cytoplasm  is  en¬ 
closed  in  a  thin  unstructured  membrane;  it  is  thought  that  the  axial 
filament  is  a  skeletal  structure  and  motor  organ.  No  flagella,  undulat¬ 
ing  membrane,  granules,  or  other  inclusions  have  been  detected  (Pig. 

35). 

The  usual  laboratory  techniques  are  dark-field  microscopic  examin¬ 
ation  of  preparations  containing  live  Leptospira  and,  very  rarely,  ex¬ 
amination  of  stained  preparations. 

Biology  of  Leptospira;  cultural  characteristics 

Pathogenic  Leptospira  grow  in  liquid  and  semiliquid  media,  all  of 
which  must  contain  native  rabbit  serum  (5-10#  by  volume).  Sera  from 
other  animals  are  less  suitable.  Water-serum  medium,  S.I.  Tarasov’s 
modification  of  Fervort-Wolf 's  medium,  Korthoff's  medium,  etc.  (see 
page  491),  are  the  most  common  media.  Leptospira  have  also  been  suc¬ 
cessfully  cultured  in  semiliquid  agar  media  (see  page  492). 

Leptospira  grow  rather  luxuriantly  in  semiliquid  agar  media,  but 
such  cultures  are  unsuitable  for  the  agglutination  reaction. 

The  optimum  temperature  for  raising  Leptospira  is  28-30®,  but 
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growth  is  possible  between  22  and  37°.  Pasteur  pipettes  are  used  to 
transfer  cultures  and  primary  growths.  The  volume  of  culture  trans¬ 
planted  should  amount  to  approximately  0.5  ml  for  each  5  ml  of  medium. 
Leptospira  grow  rather  slowly;  the  time  required  ftr  one  generation  to 
pass  through  the  logarithmic  phase  is  58-68  hr.  Maximum  growth  conse¬ 
quently  cannot  be  obtained  in  less  than  5-10  days.  The  more  frequently 
reculturing  is  carried  out,  the  more  rapidly  a  luxuriant  growth  is  ob¬ 
tained. 

It  is  recommended  that  reculturing  be  carried  out  no  less  than 
o-.ce  a  month  in  order  to  maintain  a  collection  of  live  Leptospira  cul¬ 
tures.  Cultures  to  be  stored  for  extended  periods  are  covered  with  a 
layer  of  sterile  vaseline  oil  or  paraffin  or  are  sealed  in  ampules, 
which  prevents  evaporation  of  the  medium  and  resultant  alteration  of 
its  pH. 

Any  possibility  of  contamination  with  extraneous  microorganisms 
should  be  excluded  in  culturing  Leptospira.  Cultures  of  these  spiro¬ 
chetes  in  liquid  media  are  colorless  and  odorless  and,  if  luxuriant, 
exhibit  an  opalescence  which  can  be  seen  in  transmitted  light  when  the 
test-tube  is  gently  shaken;  in  semiliquid  media  a  slight  annular  tur¬ 
bidity  is  observed  1.5-2  cm  below  the  surface  in  the  region  of  heaviest 
growth. 

The  growth  of  Leptospira  in  cultures  is  checked  by  dark-field  mi¬ 
croscopy  of  compressed  drops. 

Up  to  100  or  more  actively  mobile  Leptospira  can  be  detected  in  a 
single  field  of  view  (10  x  eyepiece  and  40  x  objective)  in  normally 
developing  cultures. 

Antigenic  structure;  serotypes 

Pathogenic  and  saprophytic  Leptospira  are  differentiated  into  ser¬ 
ological  types,  which  are  designated  by  binary  specific  names,  e.g.  , 
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Leptospira  bataviae,  L.  pomona,  etc.  The  division  into  species  (types) 
is  made  with  the  aid  of  the  agglutination  and  lysis  cross-reaction  (ALR). 
The  specialized  literature  describes  more  than  50  serological  types  and 
subtypes  of  Leptospira.  The  antigenic  structure  of  the  serological 
types  is  very  stable  and  can  consequently  be  used  as  the  basis  for  dif¬ 
ferential  diagnosis  of  the  individual  leptospiroses. 

Identification  of  Leptospira  cultures.  Newly  isolated  strains  of 
Leptospira  are  identified  with  the  aid  of  the  agglutination  reaction. 

For  this  purpose  the  laboratory  must  have  available  specific  antisera 

for  standard  Leptospira  strains  and  antiserum  for  the  newly  Isolated 

l..' 

strain. 

In  order  to  produce  antisera  mature  rabbits  (weighing  2-2.5  kg) 
are  immunized  by  injecting  a  culture  of  the  appropriate  strain  into  th^ 
marginal  vein  of  the  ear  in  accordance  with  the  following  scheme:  a 

1st  injection  of  2  ml,  a  2nd  injection  of  3  ml,  and  a  3rd  injection  of 

5  ml,  with  Intervals  of  5-6  days  between  the  injections.  Blood  is  taken 
from  the  rabbits  to  determine  the  Immune -serum  titre  no  less  than  10-15 
lays  after  the  last  injection;  total  exanguinatlon  is  employed  only  if 
the  serum  titre  with  respect  to  the  homologous  strain  reaches  1:3000- 
1:5000  or  more. 

An  agglutination  cross -react ion  is  conducted  with  all  known  sero¬ 
types  of  Leptospira,  first  with  strains  of  those  serotypes  known  to  oc¬ 
cur  in  the  nation  or  region  in  question. 

If  the  newly  isolated  strain  is  agglutinated  to  titre  with  serum 
from  one  of  the  standard  strains  and  the  latter  strain  is  agglutinated 

to  titre  with  s^rum  from  the  new  strain,  the  two  strains  belong  to  the 

same  serotype  (species).  If  the  new  strain  does  not  exhibit  any  serolog¬ 
ical  affinity  with  the  standard  strains  in  the  agglutination  reaction  it 
is  regarded  as  an  original  serotype. 
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Any  difference  In  the  tltres  of  the  new  and  standard  strains  in  the 
cross -react Ion  forces  us  to  assume  that  there  are  peculiarities  In  the 
antigenic  structure  of  the  new  strain.  A  more  accurate  notion  of  the  an¬ 
tigenic  structure  of  the  strain  can  be  obtained  by  cross-absorption  of 
antibodies  from  antisera,  employing  killed  (Ruls,  Shuffner,  Bolander, 
et  al. )  for  live  (V.S,  Klktenko,  V.V.  Anan'in,  et  al. )  Leptospira  cul¬ 
tures.  In  the  first  case  100  ml  of  a  fully  mature  7-8  day  culture  is 
killed  by  adding  0.5  ml  of  formalin  and  centrifuged  at  10,000  rpm  for 
30  min.  The  supernatant  Is  carefully  decanted  and  nine  volumes  of  the 
residue  are  added  to  1  volume  of  antiserum  (0.9  ml  and  0.1  ml).  The 
homologous  titre  of  the  depleted  serum  should  not  exceed  1:3000;  sera 
with  higher  tltres  are  preliminarily  diluted  to  t|ie  requisite  titre 
with  physiological  solution. 

The  antlserum-resldue  mixture  is  incubated  in  a  heater  at  37°  for 
18  hr  and  then  centrifuged  for  30  min  at  10,000  rpm.  The  serum  is  re¬ 
garded  as  depleted  If  Its  titre  with  respect  to  t)ie  absorbed  strain  is 
less  than  1#  of  its  initial  titre. 

The  following  modification  of  this  method  can  be  employed:  approxi¬ 
mately  200  ml  of  a  7-8-day  live  culture  (100  or  more  specimens  per 
field  of  view)  is  centrifuged  at  16,000  rpm  for  one  hour  (this  compacts 
the  culture  by  a  factor  of  approximately  60-70). 

The  supernatant  is  decanted  and  the  residue  is  collected  in  a  sep¬ 
arate  test-tube.  One  volume  of  the  serum  under  investigation  (with  a  ti¬ 
tre  of  up  to  1:5000-1:10,000)  is  mixed  with  49  volumes  of  the  compacted 
culture  (residue)  in  fractions  of  15,  15*  and  19  volumes,  the  additions 
being  separated  by  intervals  of  2  hr.  After  each  portion  of  the  culture 
is  added  the  mixture  is  shaken  and  placed  in  a  heater  at  29°.  After  in¬ 
cubation  for  18  hr  in  the  heater  it  is  centrifuged  at  16,000  rpm  for 
one  hour.  The  supernatant,  which  is  the  depleted  serum  diluted  to  1:50, 
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Is  carefully  drawn  off  with  a  pipette  and  subjected  to  an  agglutination 
reaction  (together  with  the  corresponding  initial  serum)  to  detect  an¬ 
tibodies  to  the  absorbed  strain. 


TABLE  34 

First  Possible  Result 


BraM 

1 

A 

B 

» 

a)  atop%OMwai  btim- 

— 

— 

0)  ttcdafapoHiui  ana- 

— 

— 

)  MM  A 

l)  Serum;  2)  strain;  a) 
Absorbed  strain  B;  b)  ab¬ 
sorbed  strain  A. 


TABLE  35 

Second  Possible  Result 


)  Serum;  2)  strain;  c) 
Absorbed  strain  D;  d)  ab¬ 
sorbed  strain  C. 

TABLE  36 

Third  Possible  Result 


1)  Serum;  2)  strain;  e) 
Absorbed  strain  F;  f)  ab¬ 
sorbed  strain  0. 


Antibody  extraction  Is  regarded  as 
complete  if  the  depleted  serum  does  not 
agglutinate  or  lyze  the  strain  in  question 
at  a  dilution  of  1:100  (the  first  possible 
dilution). 

The  cross-reaction  with  depleted  se¬ 
ra  Is  set  up  in  the  usual  manner,  employ¬ 
ing  a  series  of  increasing  dilutions 
(1:100,  1:500,  etc.,  to  tltre).  The  fol¬ 
lowing  results  are  possible  in  antibody 
cross-absorption. 

1.  The  standard  strain  (A)  complete¬ 
ly  extracts  the  antibodies  of  the  anti¬ 
serum  to  the  strain  under  study  (b).  The 
test  strain  (B)  in  turn  completely  ex¬ 
tracts  the  antibodies  from  the  antiserum 
to  the  standard  strain  (a),  as  illustra¬ 
ted  by  the  scheme  shown  in  Table  34. 

These  results  indicate  that  the  two 
strains  are  identical. 

2.  The  standard  strain  (C)  and  the 
strain  under  study  (D)  do  not  extract  the 
antibodies  to  heterologous  strains  from 
the  sera  (c  and  d;  Table  35)*  In  this 
case  the  strains  belong  to  different  sero¬ 
types. 
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3.  One  of  the  strains,  e.g.,  the  standard  strain  (E),  completely 
extracts  the  antibodies  from  the  antiserum  to  the  test  strain  (f).  The 
antibodies  to  the  homologous  strain  are  retained  (to  no  less  than  10£ 
of  titre)  in  the  antiserum  to  the  standard  strain  (e)  absorbed  by  the 
test  strain  (F;  Table  36). 

In  this  case  the  strains  are  of  the  same  serotype,  the  test  strain 


belonging  to  the  incomplete  subtype  and  the  standard  strain  t^o  the  com¬ 
plete  subtype.* 


Pathogenicity,  virulence,  and  toxin  formation 

A  number  of  laboratory  and  wild  animals  can  be  used  as  subjects  for 
diagnosing  and  studying  leptospirosis.  Guinea  pigs  (weighing  100-200  g), 
suckling  rabbits,  young  white  mice  (10-14  g),  golden  hamsters,  and  sus¬ 
liks  are  most  commonly  employed,  but  10-30-day-old  brook  trout  (Lagurus 
lagurus)  can  aljo  be  used  (V.V.  Anan'in). 

TABLE  37 

List  of  Serotypes  of  Pathogenic  Leptospira  Found  in 
the  USSR 


£  CipiwiwiMl  rm 


I 


L  kterohumorrhaflM 

L  onlcolt 
L  frlppotyjHnu 

L  limml 
L.  pomoM 

L  btUvlM 
L  habdomadlt 
L.  MTO 


• 

10 

II 

IS 

IS 


L  «|ro« 

L.  uucrl 
L.  Javinlc* 

L.  •rliweal  rnrltl 
L.  «rinac*l  rarapul 


m 

n 

o 


c 

«Cy«uni»,  «Buoyco»,  iKpuciuut  M  41,.  iMm, 
?  'Kpucj  M  SO*.  iKoupifMii,  «Ojtccat  ■  ap. 
«K»ui»pc«i>l»,  «Kpwc«*,  .Pan*****,  iHn4»« 
StHuHTpotemU*,  aCrpuM*.  «6*p6<mra»,  <PA>. 
f  «KopH»ao»»,  aBarywM*.  (Tun  I*  ■  ap. 
l«ilB-A»,  incptiiMnMi,  «T-384»,  «Tm  III*  ■  ap. 
5*flB-B*,  iMowm,  «nopoc*aoK-S>,  alaum**. 

•Mynon,  «Th  11*  ■  ap. 

WMMatrttuama  I87»,  <MwBh-KLnonta  867*  ■  ap. 

| « noMiit-NotoHi  370*i  «r*M*yan»,  tTarosu, 
,  «n  i03*  ■  ap. 

JBA-I,  lEroM*,  Mu  ■mcalua  8S9,  7SI,  7U, 

tCoptac* 

«£»  M  670* 

•E*  M  |». 


a)  Serological  type;  b)  designations  of  best -known  Soviet  strains;  c) 
Sud'in,  Belousov,  Krysiny  No.  41,  Mioh,  Krysa  No.  56,  Kondrat'yev,  Odes¬ 
sa,  etc.;  d)  Kashirskiy,  Krysa,  Ramenka,  Nimfa;  e)  Dnitrovskiy,  Strelok, 
Barbotin,  RA,  Kornilov,  Vitullna,  Type  I,  etc.;  f)  D7- A,  Perepelitsyn, 
T-384,  Type  III,  etc.;  g)  EW-V,  Monyakov,  Porosenok-2.  Giatsint,  Zhukov, 
Type  II,  etc.;  h)  Mysh • -malyutka  167,  Mysh '-malyutka  067,  etc.;  i)  Ter¬ 
ekhov;  j)  Polevka-ekonomka  276,  Oamzulin,  Titova.  P-I83,  etc.;  k)  BA-1, 
Yegoshin,  Mus  musculus  529,  751,  753i  1)  EV-P;  m)  Soreks;  n)Yezh  No. 
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670}  o)  Yezh  No.  1. 


The  pathogenicity  of  the  individual  species  (serotypes)  of  Lepto¬ 
spira  varies  in  different  laboratory  animals.  Thus,  for  example,  young 
guinea  pigs  and  white  mice  are  very  sensitive  to  infection  with  viru¬ 
lent  cultures  of  L.  icterohaemorrhagiae  and  less  sensitive  to  infection 
with  L.  pomona  and  L.  nero;  infection  with  L.  grippotyphosa  does  not 
produce  a  clinically  manifest  disease. 

On  the  other  hand,  young  rabbits,  guinea  pigs,  susliks,  and  trout 
are  equally  susceptible  to  the  causative  agents  of  both  icteric  and 
nonicterlc  leptospiroses. 

Laboratory  Diagnosis  of  Leptospirosis 
Material  for  examination 

Microbiological  investigation  is  necessary  to  pinpoint  diagnoses 
based  on  clinical  and  epidemiological  data.  The  blood,  cerebrospinal 
fluid,  and  urine  can  be  examined.  The  kidneys , liver,  and  other  organs 
are  also  investigated  in  fatal  cases. 

Microscopic  and  bacteriological  examination 

Investigation  of  blood  and  cerebrospinal  fluid.  Leptospira  can  be 
detected  in  the  patient'.,  blood  only  during  the  first  week  of  illness. 
Positive  results  are  most  frequently  obtained  when  the  blood  is  exam¬ 
ined  during  the  first  1-3  days.  It  is  rather  rare  that  Leptospira  can 
be  detected  in  the  patient 's  blood  by  direct  microscopy,  since  they  are 
present  in  small  quantities  even  during  the  first  few  days  of  illness. 

V. I.  Terskikh  recommends  that  1  ml  of  blood  taken  from  a  vein  or 
the  lobe  of  the  patient's  ear  be  quickly  mixed  with  2  ml  of  1.5Jt  sodium 
citrate  in  a  test-tube  and  left  to  stand  for  1  hour.  The  clear  upper 
layer  is  examined  microscopically  (no  less  than  10  compressed  drops). 
Microscopic  examination  of  the  residue  obtained  by  centrifuging  this 
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clear  layer  for  1  hour  at  10,000-12,000  rpm  is  more  reliable.  Leptospi¬ 
ra  are  very  rarely  detected  In  the  cerebrospinal  fluid,  even  by  micro¬ 
scopy. 

Blood  cultures  yield  the  best  result.  In  order  to  obtain  hemocul- 
tures  blood  Is  taken  from  the  ulnar  vein  under  aseptic  conditions  and 
cultured  at  the  patient's  bedside  In  8-10  test-tubes,  each  containing 
approximately  0.5  ml  of  one  of  the  media  described  above.  The  cultures 
are  incubated  In  a  heater  for  1  month  and  checked  by  dark-field  micro¬ 
scopy  every  5  days.  When  Leptospira  are  detected  cultures  must  be  made 
vi-  a  fresh  medium  to  preserve  the  strain  fcr  Identification.  Cerebro¬ 
spinal  fluid  Is  cultured  on  nutritive  media  In  the  same  manner. 

In  parallel  with  the  culturing,  part  of  the  blood  or  spinal  fluid 
Is  administered  subcutaneously  or  lntraperltoneally  to  susceptible  ani¬ 
mals,  no  more  than  1.5-2  ml  Ibr  large  animals  (guinea  pigs  or  suckling 
rabbits)  and  0.2-0. 3  ml  for  small  animals  (trout,  etc.). 

Investigation  of  urine.  It  Is  best  to  Investigate  urine  between 
the  7th-8th  day  and  the  3rd  month  after  the  onset  <f  the  Illness  Just- 
excreted  urine  or  (with  great  success)  the  residue  obtained  by  centri¬ 
fuging  30-50  ml  of  urine  at  10,000-12,000  rpm  is  examined  by  dark-field 
microscopy.  A  total  of  10-20  compressed  drops  are  studied.  Portions  of 
0. 5-0.6  ml  of  urine  collected  under  aseptic  conditions  are  cultured  in 
5-6  test-tubes  containing  a  sterile  medium.  The  cultures  are  observed 
In  the  usual  manner  (see  above). 

At  the  same  time,  the  urine  is  administered  subcutaneously  to  sen¬ 
sitive  animals.  In  the  same  doses  as  for  blood.  The  following  method  of 
Inoculating  guinea  pigs  yields  the  best  results  for  detection  of  L.  lc- 
terohaemorrhagiae  and  L.  pomona:  the  animal  is  immobilized  on  an  operat¬ 
ing  table,  the  hair  on  its  abdomen  Is  removed,  and  ‘.he  skin  on  the 
shaved  area  Is  scarified  with  a  scalpel;  the  scarified  surface  is  rubbed 
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with  urine  and  the  procedure  Is  repeated  3  or  4  times,  permitting  the 
urine  to  dry  In  each  Instance.  The  animals  are  observed  In  the  manner 
described  below  (page  485), 

Investigation  of  cadaver  organs.  Microscopy  and  culturing  of  tis¬ 
sue  suspensions  and  subcutaneous  administration  of  material  to  experi¬ 
mental  animals  are  employed  to  detect  Leptospira  In  cadavers.  Positive 
results  can  be  obtained  only  when  fresh  material  Is  examined,  since 
Leptospira  rapidly  die  In  corpses;  these  microorganisms  are  most  fre¬ 
quently  detected  In  the  liver  and  kidneys. 

Leptospira  can  be  detected  In  wrgan  sections  by  sliver  Impregnation 
by  Levaditl's  method. 

Serological  Investigation 

As  In  other  infectious  diseases,  serological  methods  do  not  permit 
an  early  diagnosis  of  leptospirosis,  since  antibodies  (agglutinins  and 
lysins)  do  not  appear  In  the  blood  before  the  7th -8th  day  of  Illness. 
Detection  of  antibodies  at  this  time  does  not  provide  a  reliable  diag- 
t  osls,  since  they  may  also  be  found  in  the  blood  of  patients  who  have 
recovered  from  leptospirosis  at  some  time  In  the  past.  The  patient's 
blood  must  consequently  be  reexamined  after  3-5  days  and  at  longer  in¬ 
tervals!  only  when  there  Is  some  certainty  of  an  Increase  in  tltre  can 
a  diagnosis  of  leptospirosis  be  made.  The  diagnosis  should  be  supported 
by  clinical  observations  and  anamnestic  epidemiological  data.  Antibody 
formation  Is  retarded  In  persons  treated  with  antibiotics. 

The  agglutination  and  lysis  reactions  are  used  almost  exclusively 
for  serological  diagrosls.  Other  methods  (the  complement -fixation  re¬ 
action,  administration  of  thrombocyte,  e,tc. )  have  not  cane  into  wide 
use,  being  insufficiently  specific  or  technically  complicated. 

For  serological  diagnosis  with  the  agglutination  and  lysis  reac¬ 
tions  the  laboratory  should  have  available  a  collection  of  Leptospira 
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cultures  of  all  known  serotypes  or  at  least  of  those  which  cause  lepto¬ 
spirosis  in  the  nation  and  region  where  the  diagnosis  Is  to  be  made. 

Table  37  is  a  list  of  the  serotypes  found  in  the  USSR  which  oust  be  at 
hand  for  serological  diagnosis. 

The  strains  constituting  the  culture  collection  are  stored  in  spe¬ 
cial  containers  or  boxes  in  a  dark  place  at  room  temperature  and  are 
transplanted  monthly  to  a  nutritive  medium  (Fervort-Wolf »s  medium,  etc.). 
Each  strain  is  simultaneously  cultured  in  4-6  test-tubes.  The  agglu¬ 
tination  reaction  utilizes  7-10-day  live  cultures  raised  on  a  liquid 
a v itrit lve  medium  (cultures  in  semiliquid  media  are  unsuitable  for  this 
purpose!)  and  having  a  sufficiently  luxuriant  growth  (50-100  or  more 
Leptospira  per  field  of  view)  without  spontaneous  agglutination  (clumps 
cf  Leptospira)  or  impurities  (phosphate  residues,  etc.).  Blood  is  taken 
from  the  patient  or  convalescent's  ulnar  vein,  finger,  or  ear  lobe. 

Technique  of  the  agglutination  reaction.  The  oerum  to  be  studied 
is  diluted  with  physiological  solution  to  1:50,  1:250,  1:500,  1:2500, 
1:5000,  1:12,500,  1:25,000,  and  1:50,000  in  a  series  of  test-tubes. 

Portions  of  0.1  ml  (or  2  drops)  of  each  of  these  basic  dilutions 
are  transferred  to  a  series  of  agglutination  test-tubes  and  mixed  with 
0.1  ml  (or  2  drops)  of  the  live  Leptospira  culture.  The  final  serum 
dilutions  are  thus  1:100,  1:500,  1:1000,  etc. 

The  number  of  agglutination  series  corresponds  to  the  number  of 
strains  (serotypes)  included  in  the  reaction.  Agglutination  test-tubes 
containing  0.1  mi  (or  2  drops)  of  the  corresponding  culture  and  0.1  ml 
(or  2  drops)  of  physiological  solution  serve  as  the  control. 

The  tubes  are  shaken  and  Incubated  in  a  heater  at  37°  fcr  2  hr  and 
the  results  are  then  evaluated.  For  this  purpose  one  drop  of  the  mix¬ 
ture  is  taken  from  each  test-tube  with  a  Pasteur  pipette,  compressed 
drops  are  prepared  on  slides,  and  the  resultant  specimens  are  subjecteei 
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to  dark-field  microscopy.  A  separate  pipette  Is  used  for  each  series  of 
dilutions,  l.e.,  each  strain.  Preparation  of  the  specimens  begins  with 
the  Control  and  runs  from  the  highest  serum  dilutions  to  the  lowest. 

Agglutination  takes  the  form  of  adhesion  of  larger  or  smaller  num¬ 
bers  of  Leptospira  and  Is  manifested  In  formation  of  "packets,”  "bars,” 
or  large  spherical  agglomerates,  the  latter  often  covering  several  fields 
ol  view.  The  microorganisms  may  retain  their  mobility  (Fig.  36)* 

Lysis  Is  Initially  manifested  In  formation  of  granularity  In  both 
Isolated  and  agglutinated  Leptospira.  The  microorganism  then  gradually 
break  up  Into  fragments,  losing  their  mobility  and  becoming  amorphous 
granular  structures. 

Agglutination  and  lysis  occur  simultaneously  In  the  first  serum 
dilutions,  but  the  higher  the  serum  dilution,  the  longer  agglutination 
predominates.  Lysis  does  not  occur  at  all  in  the  highest  dilutions. 

It  is  recommended  that  positive  results 
be  Indicated  by  plusses  In  evaluating  the 
agglutination  reaction. 

1.  The  majority  of  the  Leptospira  are 
unlyzed;  there  are  Isolated  clumps  of  ag¬ 
glutinated  Leptospira  (+). 

2.  From  1/3  to  2/3  of  the  Leptospira 
are  agglutinated  or  lyzed  (++). 

3.  The  majority  of  the  Leptospira  are 
agglutinated  or  lyzed  (+++)• 

The  serum  titre  Is  determined  from  the 
highest •serum  dilution  at  which  the  Leptospira  undergo  single-plus  ag¬ 
glutination. 

When  it  Is  necessary  to  Investigate  large  quantities  of  serum  at 
the  same  time  a  rough  agglutination  reaction  is  set  up  in  dilutions  of 


Fig.  36*  Agglutination 
of  Leptospira;  "packets" 
of  adhering  Leptospira. 


1:100  and  1:500.  When  a  positive  result  la  obtained  the  reaction  Is  con¬ 
ducted  with  successive  dilutions  to  the  serum  tltre. 

Antibodies  can  be  detected  both  in  the  patient's  serum  and  In  his 
urine,  although  the  tltre  In  the  agglutination  reaction  Is  substantial¬ 
ly  lower  In  the  latter  case,  amounting  to  no  more  than  10 %  of  the  cor¬ 
responding  serum  tltre. 

Positive  agglutination  In  a  dilution  of  1:500  Is  assumed  to  be  the 
diagnostic  tltre.  The  serum  tltre  usually  reaches  1:10,000-1:20,000  or 
more  on  the  15 -30th  day  after  the  onset  of  the  illness,  subsequently 
ot creasing.  In  some  cases  the  agglutination  reaction  will  reveal  anti¬ 
bodies  in  the  blood  of  recovered  patients  for  many  months  and  years, 
which  makes  It  possible  to  establish  a  retrospective  diagnosis. 
Biological  testing 

Blood,  urine,  cerebrospinal  fluid,  human  and  animal  tissues,  and 
water,  foodstuffs,  and  other  environmental  objects  suspected  of  being 
contaminated  with  Leptospira  can  be  Investigated  In  biological  experi¬ 
ments. 

Animals  can  be  Inoculated  lntraperitoneally ,  subcutaneously,  in¬ 
travenously,  intracardially ,  or  by  scarification  of  the  skin  or  mucosa 
(conjunctiva,  digestive  tract,  etc.). 

The  symptomatology  and  pathogenesis  of  leptospirosis  and  the  path- 
ologoanatomic  changes  which  It  produces  are  very  similar  in  different 
animals,  particularly  In  severe  cases. 

L.  ieterohaemorrhagiae  and  other  Leptospira  of  the  icteric  group 
produce  leptospirosis  with  a  very  typical  clinical  pattern  In  guinea 
pigs. 

After  an  Incubation  period  lasting  2-7  days  or  sometimes  more,  de¬ 
pending  on  the  virulence  of  the  strain,  the  animal's  temperature  rises 
to  39-^1°  and  It  rapidly  loses  weight  and  refuses  to  eat;  the  blood  vet;- 
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sels  of  the  sclera  develop  a  characteristic  congestion.  After  2-5  days 
the  animal's  temperature  drops  to  a  subnormal  level  against  a  back¬ 
ground  of  severe  fatigue,  the  sclera  and  visible  mucosa  and  then  the 
skin  become  icteric,  and  shedding  of  the  coat  is  noted;  the  animal  dies 
4-12  days  after  infection.  An  autopsy  reveals  icterus,  which  is  parti¬ 
cularly  pronounced  in  the  subcutaneous  cellular  tissue,  and  hemorrhages 
in  all  the  internal  organs,  the  skin,  and  the  subcutaneous  cellular 
tissue;  the  latter  are  most  profuse  in  the  inguinal  and  axillary  re¬ 
gions.  Typical  petechia  are  observed  in  the  pulmonary  tissue:  when 
viewed  against  the  general  ischemic  background  they  resemble  the  wings 
of  a  butterfly. 

The  liver  exhibits  necrotic  foci,  which  take  the  form  of  reddish- 
yellow  spots.  The  kidneys  are  abnormally  enlarged,  acute  nephritis 
causes  stresses  in  the  capsule,  and  the  adrenals  are  hyperemic. 

Leptospira  circulate  in  the  blood  during  the  incubation  period  and 
throughout  the  course  of  the  disease,  until  the  animal  dies;  once  ic¬ 
terus  has  appeared  Leptospira  can  be  detected  (microscopically)  in  the 
internal  organs,  being  present  in  especially  large  numbers  in  the  liver 

A  clinical  pattern  similar  to  that  of  lcterohemorrhagic  leptospi¬ 
rosis  in  guinea  pigs  is  observed  in  suckling  rabbits,  young  trout,  gold 
en  hamsters,  and  susliks  after  infection  with  virulent  Leptpsplra  which 
cause  nonicteric  leptospirosis  (L.  grippotyphosa,  L.  pomona,  L.  nero, 
etc.).  It  is  consequently  preferable  that  these  animals  be  used  in  study 
ing  and  diagnosing  leptospiroses  of  the  nonicteric  group. 

A  definite  percentage  of  experimental  animals  recover  after  infec¬ 
tion,  a  phenomenon  due  to  a  number  of  factors:  an  insufficient  inocula¬ 
tion  dose,  low  strain  virulence,  individual  resistance,  etc. 

When  the  Leptospira  are  not  sufficiently  virulent  it  is  necessary 
.  <  pass  them  from  animal  to  animal.  Blood,  peritoneal  exudate,  tissue 

-  486  - 


I  ■  . 

suspensions,  etc.,  can  be  used  for  this  purpose. 

Recovered  animals  often  become  carriers  of  the  infection,  begin¬ 
ning  with  the  2nd  week  of  illness:  Leptospira  persist  in  the  renal  tub¬ 
ules  and  are  excreted  with  the  urine.  This  ability  to  carry  Leptospira 
may  last  as  long  as  several  months  and  is  accompanied  by  development  of 
Interstitial  lephritis. 

Observation  of  the  experimental  animals  is  carried  out  in  the  fol¬ 
lowing  manner:  l)  the  animals  are  weighed  before  the  experiment  and 
then  dally  throughout  the  entire  postinoculation  observation  period;  2) 
the  temperature  of  large  animals  (guinea  pigs  and  rabbits)  is  taken 
twice  daily,  morning  and  evening;  3)  when  there  is  a  rise  in  tempera¬ 
ture  the  peritoneal  exudate  is  examined  microscopically  for  Leptospira. 
For  this  purpose  an  incision  is  made  in  the  skin  of  the  abdomen  (Just 
above  the  navel,  in  order  to  avoid  damaging  the  urinary  bladder).  The 
abdominal  wall  is  punctured  with  a  fine  capillary  (formed  by  drawing 
out  a  Pasteur  pipette  in  a  Bunsen-burner  flame)  threugh  the  Incision 
and  a  drop  of  peritoneal  exudate  is  collected;  4)  at  the  same  time  car- 
diopuncture  is  carried  out  with  a  1-2 -millimeter  syringe  and  portions 
of  0.2-0. 3  ml  of  blood  are  cultured  in  test-tubes  containing  a  nutri¬ 
tive  medium.  The  exudate  and  blood  cultures  must  be  examined  repeatedly. 

Animals  which  do  not  die  of  the  infection  and  are  not  killed  dur¬ 
ing  the  experiment  are  observed  over  a  one -month  period  and  then  sacri¬ 
ficed.  Tissue  from  the  renal  cortex  is  cultured  and  examined  micro¬ 
scopically  for  Leptospira.  Blood  is  taken  from  the  heart  for  determina¬ 
tion  of  specific  antibodies  to  Leptospira  by  the  agglutination  and  ly¬ 
sis  reactions. 

Detection  of  Leptospira  in  the  external  environment 

Investigation  of  animals  for  leptosplral  lnfectlqi.  The  microbio¬ 
logical  diagnostic  methods  which  have  been  described  are  essentially 
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also  suitable  fcr  diagnosing  Deptospirosis  in  agricultural  and  commer¬ 
cial  animals,  as  well  as  in  dogs  and  cats. 

The  following  techniques  are  employed:  l)  microscopic  examination 
of  tissue  suspensions  (kidneys,  liver)  in  physiological  solution  and  of 
urine  and  blood  in  compressed -drop  preparations,  using  a  dark-field 
condenser;  2)  microscopic  examination  of  histological  sections  of  the 
kidneys  and  liver  (silver  impregnation);  3)  inoculation  of  laboratory 
animals  with  tissue  suspensions  prepared  from  the  organs  of  wild  ani¬ 
mals;  4)  culturing  of  the  material  to  be  Investigated  on  special  nutri¬ 
tive  media  and  subsequent  observation;  5)  investigation  of  the  blood 
(serum)  for  antibodies  to  pathogenic  Leptospira  by  the  agglutination 
and  lysis  reactions. 

The  corpses  of  animals  which  have  died  or  been  killed  are  immo¬ 
bilized  on  a  table  for  dissection.  The  pelt  is  wetted  with  alcohol  and 
seared. 

The  instruments  used  in  the  autopsy  (scissors,  forceps,  etc.)  are 
kept  in  alcohol  until  needed  and  are  flamed  before  use  with  an  alcohol 
»«.rner.  The  pelt  is  removed  from  the  thorax  and  abdomen.  The  abdomen 
and  then  the  thoracic  cavity  are  opened,  and  the  kidneys  and  liver  are 
removed  and  placed  in  a  sterile  Petri  dish.  Several  drops  of  blood  are 
taken  from  the  heart  with  a  Pasteur  pipette;  2-4  drops  are  applied  (in¬ 
dividually)  to  a  piece  of  filter  paper  and  preserved  for  subsequent  ser¬ 
ological  investigation  by  drying  at  room  temperature. 

Tissue  fragments  cut  away  with  scissors  under  sterile  conditions 
are  then  cultured;  pieces  are  cut  from  the  surface  of  the  kidneys  (the 
cortical  layer'.). 

Pasteur  pipettes  can  be  used  for  removing  and  culturing  tissues. 

The  amount  of  tissue  cultured  in  a  single  test-tube  should  be  no  larger 
than  a  grain  of  millet,  since  any  greater  quantity  not  only  fails  to 
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promote  the  growth  of  Leptospira  but  actually  prevents  it,  as  a  esult 
cf  maceration  of  the  tissue  and  changes  in  the  physicochemical  proper¬ 
ties  of  the  medium. 

For  dark-field  microscopic  examination  compressed  drops  are  pre¬ 
pared  on  slides  from  a  suspension  of  the.  tissue  in  physiological  solu¬ 
tion.  The  material  to  be  suspended  is  removed  from  the  organ  in  ques¬ 
tion  (the  surface  layer  of  the  kidneys)  with  a  Pasteur  pipette.  When 
the  urinary  bladder  is  filled  with  urine  the  latter  is  cultured  and 
examined  microscopically. 

At  the  same  time  that  the  cultures  are  made  it  is  recommended  that 
the  material  (suspensions  of  renal  and  hepatic  tissue  in  physiological 
solution)  be  administered  to  guinea  pigs,  golden  hamsters,  trout,  and 
ether  susceptible  animals.  These  are  then  observed  in  the  manner  des¬ 
cribed  above  to  obtain  a  pure  strain  and  determine  its  pathogenicity  at. 
virulence. 

The  biological  method  is  very  helpful  for  obtaining  pure  cultures 
from  carrier  animals  which  reach  the  laboratory  dead  and  contaminated 
with  putrefactive  bacteria.  Laboratory  animals  are  inoculated  subcutan¬ 
eously  with  the  material  to  be  studied  (renal  tissue,  urine,  etc.). 

Pure  Leptospira  cultures  can  be  obtained  from  cultures  of  material  (re¬ 
nal  and  hepatic  tissue,  blood)  from  those  laboratory  animals  which  die 
or  are  killed  10-15  days  after  inoculation. 

The  cultures  are  incubated  in  a  heater  for  30  days  and  checked  for 
Leptospira  every  5  days.  The  strains  obtained  are  reinforced  by  recul¬ 
turing  and  identified  in  the  manner  described  above.  An  agglutination 
reaction  is  carried  out  with  dried  drops  of  blood  no  more  than  one 
month  after  the  samples  are  prepared.  The  Initial  blood  dilution  is 
1:10  (2  drops  of  blood  and  18  drops  of  physiological  sclution) ,  i.e., 
a  serum  dilution  of  1:20,  and  the  subsequent  dilutions  are  1:50,  l:10o, 
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1:500,  1:1000,  etc.  A  rough  reaction  is  conducted  with  the  first  two 
dilutions  and  an  expanded  reaction  (to  titre)  is  carried  out  when  the 
results  are  positive.  The  procedure  for  setting  up  the  agglutination 
reaction  is  the  same  as  if  the  serological  diagnosis  of  human  leptospi¬ 
rosis. 

For  prompt  examination  of  wild  animals  it  is  recommended  that  a 
laboratory  be  set  up  in  the  immediate  vicinity  of  the  area  where  they 
are  to  be  caught.  The  cadavers  must  be  examined  during  the  first  few 
hours  (no  more  than  12  hr)  after  death,  since  contamination  with  pu¬ 
trefactive  bacteria  makes  it  difficult  to  detect  and  isolate  Lejjtospira 

| 

•.  Detection  of  pathogenic  Leptospira  in  water.  Leptospira  can  be  de¬ 
tected  in  water  and  silt  (from  reservoirs,  rivers,  marshes,  etc.)  by 
Appelman  and  Van  Tyl's  method.  This  technique  was  proposed  for  isolat¬ 
ing  L.  icterohaemorrhagiae,  but  has  also  proved  suitable  for  isolating 
L.  pomona  (V.V.  Anan'in  and  A. A.  Varf olomeyeva ). 

Sterile  glass  vessels  are  used  to  collect  portions  of  2-3  liters 
cf  water  and  mud  for  examination  from  areas  where  humans  and  animals 
are  suspected  of  being  infected.  The  guinea  pigs  to  be  used  in  the  ex¬ 
periment,  which  should  weigh  150-250  g,  are  then  treated  in  the  follow- 

o  ! 

ing  manner:  the  coat  is  shaved  from  the  abdomen  and  10-20  cm  of  skin 
in  the  shaved  area  i3  scarified  with  a  scalpel,  making  closely-spaced 
longitudinal  and  transverse  incisions.  The  water  is  heated  to  30°  and 
poured  into  an  enameled  vessel  (a  basin  or  tray)  and  the  guinea  pigs 
are  immersed  in  it.  The  scarified  skin  should  be  wetted.  The  animal  is 
immersed  for  1  hr,  transferred  to  a  warm  place,  and  taken  to  the  vivar¬ 
ium  when  it  has  dried  off. 

Observation  of  the  animals  is  conducted  in  accordance  with  the 
usual  rules  (see  above);  it  must  be  kept  in  mind  that  the  illness  pro¬ 
duced  in  guinea  pigs  by  L.  pomona  and  other  nonicteric  Leptospira  is 

-  490  - 


manifested  only  in  a  brief  rise  in  temperature  or  a  loss  of  weight  or 
is  entirely  symptomless.  Regardless  of  the  animal's  condition,  it  is 
consequently  necessary  to  culture  blood  from  the  heart  to  produce  hemo- 
cultures  and  to  conduct  microscopic  examinations  of  the  peritoneal  exu¬ 
date  for  Leptospira  from  the  4th-5th  day  to  the  20th  day  after  immer¬ 
sion. 

This  method  makes  it  possible  to  detect  L.  icterohaemorrhagiae  in 
water  containing  1  cell  in  2  ml  or  L.  pomona  in  water  containing  10 
cells  per  ml. 

The  concentration  media  proposed  by  Sultzer,  Walker,  Heindle,  et 
ai.,  are  suitable  only  for  direct  culturing  of  saprophytic  Leptospira 
from  water  and  are  totally  unsuitable  for  isolating  pathogenic  Lepto¬ 
spira. 

Nutritive  Media 

1.  The  water-serum  medium  is  the  simplest  to  prepare.  Distilled 
tap,  well,  or  riv^*  water  is  poured  into  test-tubes  (in  5  ml  portions) 
and  sterilized.  When  it  has  cooled  0-5  ml  of  fresh  rabbit  serum  inac¬ 
tivated  in  a  water  bath  at  56-58*  for  30  min  is  added  to  each  tube. 

The  water  used  to  prepare  the  medium  should  have  a  pH  of  7.O-7.3. 

2.  Pervort-Wolf 's  medium,  as  modified  by  S.I.  Tarasov. 

Distilled  water  -  900  ml 

Sodium  chloride  -  0.5  g 

Peptone  -  1  g 

Sorensen's  phosphate  buffer  mixture  at  pH  7.2  -  100  ml 

The  medium  is  autoclaved  in  a  flask  at  120*  for  30  min.  A  few  days 
after  autoclaving  it  is  twice  filtered  through  a  two-layer  paper  filter 
and  5  ml  portions  are  poured  into  test-tubes.  These  are  then  autoclaved 
for  30  min  at  120*.  After  they  have  cooled  all  the  tubes  which  appear 
cloudy  or  contain  a  residue  are  discarded.  Approximately  0.5  ml  of  rab- 
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bit  serum  Is  added  to  each  tube  containing  clear  medium  and  the  mixture 
la  heated  in  a  water  bath  at  56-58°  for  30  min. 

Sorensen's  buffer  mixture  at  pH  -  7.2  Is  prepared  from  1/15  M 
NagHPO^iSHgO  (bimetallic  sodium  phosphate)  and  1/15  M  KHgPO^  (monometal¬ 
lic  potassium  phosphate).  In  order  to  obtain  1  liter  of  buffer  solution 
at  pH  m  7.2  720  ml  of  the  first  solution  Is  mixed  with  280  ml  of  the 
second  solution.  The  mixture  must  be  stored  in  a  refrigerator  to  avoid 
bacterial  contamination. 

Korthoff's  medium: 

Redistilled  water  -  500  ml 
Witte's  peptone  -  400  mg 
Sodium  chloride  -  700  mg 
Sodium  bicarbonate  -  10  mg 
Potassium  chloride  -  20  mg 
Calcium  chloride  -  20  mg 

Monobasic  potassium  phosphate  (KHgPO^)  -  90  mg 
Dibasic  sodium  phosphate  (NagHPO^ *2H20)  -  480  mg 
The  solution  is  heated  at  100°  for  20  min.  When  it  has  cooled  it 
is  filtered  and  then  reheated  for  30  min  at  100°.  After  it  cools  8#  of 
fresh  rabbit  serum  is  added  and  the  mixture  is  poured  into  test-tubes  in 
8  ml  portions.  The  tubes  are  heated  in  a  water  bath  at  56°  for  1  hr. 

Semlllquld  agar  medium:  1  g  of  agar-agar  thoroughly  washed  in  dis¬ 
tilled  water  (left  to  stand  for  24  hr)  is  added  to  500  ml  of  distilled 
(or  tap)  water  and  boiled  for  30  min.  Portions  of  5  ml  are  poured  into 
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test-tubes  and  sterilized  in  an  autoclave;  when  they  have  cooled  0.5  ml 
of  sterile  rabbit  serum  is  added  to  each  tube  and  heated  in  a  water 
bath  at  56°  for  30  min. 

In  adding  the  serum  to  any  of  the  media  described  above  it  must  be 
carefully  mixed  with  the  water  or  water-salt  base  by  thoroughly  shaking 
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the  test-tube. 

The  optimum  medium  pH  is  7* 2-7*6.  It  la  best  to  use  test-tubes  and 
other  vessels  of  neutral  glass  for  preparing  nutritive  media.  Before 
using  ordinary  glass  test-tubes  they  are  filled  with  1-2#  hydrochloric 
acid,  left  to  stand  for  24  hr,  rinsed  with  3-5$  sodium  bicarbonate, 
carefully  washed  with  tap  water,  filled  with  distilled  water,  and  left 
to  stand  for  2-3  days. 

Tubes  in  which  no  leptosplral  growth  is  detected  are  discarded. 

Test-tubes  and  other  vessels  containing  Leptospira  cultures,  as 
w.-  1  as  used  slides  and  cover  slips,  are  disinfected  for  24  hr  in  1% 
ny  irochloric  acid.  After  disinfection  the  vessels  are  thoroughly 
scrubbed  with  brushes  and  soap,  repeatedly  rinsed  with  tap  water,  filled 
with  water,  left  to  stand  for  24  hr,  dried,  stoppered  with  cotton  plugs, 
and  sterilized. 

LISTERIOSIS 

Prof.  N.O.  Olsufyev,  Corresponding  Member  of  the  Academy  of  Medical 
Sciences  USSR 

The  causative  agent  of  Listeriosis*  is  the  bacterium  Listeria  mono¬ 
cytogenes  Murray,  Webb,  et  Swann.  Modern  taxonomy  assigns  this  microor¬ 
ganism  to  the  family  Corynebacterlaceae  of  the  order  Eubacteriales.  The 
Listeria  are  easily  distinguishable  from  other  pathogenic  bacteria,  but 
are  very  similar  to  the  causative  agent  of  erysipeloid,  Erysipelothrix 
rhuslopathiae. 

Morphology  of  Listeria 

The  Listeria  are  straight,  short  (0.3-0. 5  x  1-2  u),  ovoid  rods  and 
are  sometimes  almost  coccoid  in  shape  (Pig.  37)»  they  are  found  singly 
or  in  clumps  in  smears  prepared  from  agar  cultures.  Longer  rods  and 
filamentous  forms  may  be  encountered  in  older  cultures,  especially  of 
dissociated  strains.  These  bacteria  are  gram-positive,  form  neither 
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spores  nor  capculea,  and  are  slightly  mo¬ 
bile.  They  have  1-4  flagella  attached  to 
the  lateral  surface  of  the  cell  or,  more 
rarely,  to  its  terminal  region.  The  mo¬ 
bility  of  Listeria  is  most  manifest  when 
they  are  cultured  at  room  temperature. 

Blolora  of  Listeria;  cultural  character¬ 
istics 

Listeria  are  easily  cultured  on  or¬ 
dinary  slightly  alkaline  nutritive  media, 
but  do  not  grow  profusely.  Day-old  colo¬ 
nies  on  nutritive  agar  are  small,  round. 

Pig*  37.  Listeria  in  a 

smear  prepared  from  an  slightly  convex,  smooth  in  outline,  semi¬ 

agar  culture.  xlOOO. 

transparent,  and  slightly  chromogenlc  in 
transmitted  light  (Fig.  38).  Listeria  grown  in  broth  make  the  medium 
slightly  cloudy;  they  do  not  form  a  film  or  annular  ring.  A  narrow  zone 
of  beta-hemolysis  is  found  around  colonies  on  blood  agar.  Listeria  fer¬ 
ment  glucose,  maltose,  rhamnose,  levulose,  esculin,  and  salicin  to 
acids  (without  gas  formation),  ferment  sucrose,  glycerine,  and  lactose 
slowly  (this  is  not  true  of  all  strains),  and  have  no  effect  on  manni¬ 
tol,  dulcitol,  arabinose,  inulin,  raffinose,  and  sorbitol.  They  do  not 
form  lndol  or  hydrogen  sulfide,  clabber  milk,  or  liquefy  gelatin.  They 
are  attenuated  when  cultured  on  artificial  nutritive  media,  being  con¬ 
verted  from  the  virulent  S  farm  to  the  low -virulence  R  form.  The  rods 
become  somewhat  longer  and  rougher  under  these  conditions  and  filamen¬ 
tous  forms  are  often  found  among  them;  the  colonies  become  larger  aud 
less  transparent,  with  a  striated  or  nodular  surface  and  a  nonuniform 
serrate  or  ramified  margin.  Some  strains  may  lose  their  mobility. 
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Antigenic  structure;  serotypes 

A  total  of  5  serotypes  (1,  2,  3,  4a,  4b)  of  Listeria,  differing 
in  their  complement  of  flageller  and  somatic  antigens,  are  known.  Sero 
types  1  and  4b  are  most  commonly  encountered.  The  same  serotype  may  be 
detected  in  the  most  diverse  animals  and  in  man,  exhibiting  no  special 
preference  with  respect  to  host  species. 


Fig.  38.  S  colonies  of  Listeria  on  meat- 
infusion  agar;  day-old  culture.  x35- 


Bacteriophagia  is  known  in  Listeria.  Bacteriophages  lyze  strains 
belonging  to  the  different  serotypes  in  different  fashions. 

Resistance  to  physical  and  chemical  agents 

Listeria  are  rather  stable  in  the  external  environment.  They  are 
capable  of  surviving  for  3-6  months  in  soil  and  for  a  year  or  more  in 
water  (at  low  temperatures).  They  not  only  survive  but  reproduce  in 
meat -milk  and  are  able  to  reproduce  even  when  such  products  are  stored 
at  low  temperatures  (4-6®).  An  outstanding  biological  characteristic 
of  Listeria  is  their  great  epidemiological  significance.  They  can  with 
stand  heating  at  58®,  but  die  within  20-30  min  at  70®  and  3-5  min  at 
100®.  During  the  winter  they  are  capable  of  surviving  for  protracted 


periods  In  the  frozen  corpses  of  rodents,  in  straw,  and  in  other  mater¬ 
ials.  Ordinary  concentrations  of  disinfectants  have  a  lethal  action  on 
Listeria. 

Pathogenicity 

Listeria  are  pathogenic  for  many  species  of  mammals.  Including 
rodents,  for  Insects,  for  carnivores  and  ungulates,  and  for  birds.  The 
majority  of  species  exhibit  a  moderate  sensitivity  to  listeriosis,  al¬ 
though  the  disease  may  be  fatal  for  Individuals.  In  nature  listeriosis 
has  been  detected  in  voles,  mice,  water  rats,  gray  rat,  hares,  gerbils, 
shrews,  wild  boar,  dear,  foxes,  raccoons,  capercaillie,  partridge,  and 
other  animals.  Among  domestic  animals  it  has  been  recorded  in  sheep, 
goats,  pigs,  cattle,  horses,  dogs,  cats,  chickens,  geese,  ducks,  tur¬ 
keys,  pigeons,  canaries,  and  parrots  and,  on  breeding  farms,  among  sil¬ 
ver-gray  foxes,  guinea  pigs,  rabbits,  and  white  mice. 

Laboratory  Diagnosis  of  Listeriosis 

Bacteriological  investigative  techniques  form  the  basis  for  the 
laboratory  diagnosis  of  human  listeriosis,  serological  methods  being 
used  only  in  an  auxiliary  capacity.  Listeria  can  be  isolated  and  Iden¬ 
tified  in  ordinary  bacteriological  laboratories.  The  danger  of  infec¬ 
tion,  however,  makes  It  necessary  to  exercise  care  in  shipping  patho¬ 
logical  material  to  the  laboratory  and  in  handling  cultures  and,  es¬ 
pecially,  listeriosis-infected  experimental  animals. 

Material  for  examination 

In  examining  patients  cultures  are  made  from  the  pathologically 
altered  areas  of  the  mouth  (when  angina  is  present),  the  blood,  punc¬ 
ture  specimens  from  enlarged  lymph  nodes,  the  suppurative  discharge 
from  the  eyes,  and  the  cerebrospinal  fluid  (when  meningoencephalitis 
is  present).  In  performing  autopsies  cultures  are  made  from  the  btrain, 
liver,  and  spleen. 


-  496 


The  most  reliable  period  for  isolating  Listeria  from  listeriosis 
patients  is  the  first  7-10  days  of  illness.  In  listeriosis  of  newborns 
the  fetus,  the  umbilical  blood,  the  amniotic  fluid,  and,  especially, 
the  meconium  are  investigated,  as  is  tne  placenta. 

Microscopic  examination 

This  method  can  be  used  for  investigating  the  organs  of  newborns 
which  have  died  of  listerial  sepsis.  Bacterloscopic  examination  of  the 
cerebrospinal  fluid  is  possible  in  the  meningoen cephalitic  form  of  lis¬ 
teriosis.  This  technique  involves  smears  stained  by  the  Oram  method. 


o’  ce  Listeria  have  no  characteristic  morphological  peculiarities  by 
vr.ich  they  can  be  reliably  identified  in  tissue  smears,  bacterloscopy 
can  be  employed  as  a  diagnostic  method  only  in  conjunction  with  cultur¬ 
ing  and  biological  testing. 

Bacteriological  investigation 

Ordinary  nutritive  media,  such  as  meat-infusion  agar  or  broth  at 
pH  a  7. 0-?. 2,  are  completely  suitable  for  culturing;  several  bacteria 
are  the  minimum  culture  dose  for  such  media.  When  a  large  quantity  of 
material  is  cultured  on  agar  the  listerial  growth  is  continuous  and 
easily  detectable  with  the  unaided  eye  after  18  hr  of  incubation  in  a 
heater  at  37°;  when  only  a  small  amount  of  material  is  cultured  isolated 
colonies  sometimes  become  visible  after  2-3  or  more  days.  Growth  in 
meat-infusion  broth,  which  makes  the  medium  moderately  cloudy,  is  usual¬ 
ly  noted  after  18-24  hr  of  incubation,  rarely  requiring  longer  to  be¬ 
come  visible.  Material  in  which  Listeria  may  be  mixed  with  extraneous 
bacteria  (e.g. ,  oral  mucous)  must  be  cultured  on  a  nutritive  medium 
containing  0.05#  potassium  tellurite,  which  retards  the  growth  of  gram- 
negative  microorganisms  and  for  the  most  part  has  no  effect  on  the 
growth  of  Listerfa  (or  of  streptococci  and  certain  other  gram-positive 
bacteria ). 
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Since  Listeria  are  capable  of  reproducing  in  dead  tissue,  small 
pieces  of  the  latter  may  be  placed  in  sterile  test-tubes  and  kept  in  a 
refrigerator  (at  4-6°)  for  5-10  days  or  more,  which  increases  the  cul- 
turablllty  of  the  Listeria  (Qray's  method). 

Serological  investigation 

Agglutination  reaction.  This  reaction  has  repeatedly  been  used  by 
various  authors  for  serological  diagnosis  of  listeriosis  in  man  (and  do¬ 
mestic  animals),  but  it  is  of  little  value  in  view  of  its  low  specifici¬ 
ty.  In  completely  healthy  persons  (or  animals)  the  reaction  with  Lister¬ 
ia  antigen  may  be  positive  at  serum  dilutions  of  1:50-1:200  and,  in 
some  cases,  at  a  dilution  of  1:1000.  This  nonspecific  agglutination  is 
attributable  to  heteroantibodies,  which  are  formed  in  the  body  under  the 
influence  of  bacteria  with  an  antigenic  similarity  to  Listeria,  such  as 
certain  forms  of  Enterococcus,  Staphylococcus,  etc. 

Diagnostic  serum,  which  is  a  suspension  of  formalin-killed  Lister- 
la,  is  used  for  the  agglutination  reaction. 

Agglutinins  to  Listeria  can  be  detected  in  human  listeriosis  pa¬ 
tients  from  the  second  week  of  illness  onward,  their  titre  reaching 
1:500-1:1000-1:5000  at  the  height  of  antibody  production;  however.  In 
certain  cases  they  may  be  low  in  titre  or  completely  lacking  throughout 
the  entire  course  of  the  illness.  Only  an  agglutination  titre  of  1:320 
or  more  or  an  Increase  in  titre  by  at  least  2  dilutions  on  repeated  ex¬ 
amination  should  be  regarded  as  positive  in  diagnosing  human  listerio¬ 
sis. 

Indirect  hemagglutination  reaction.  This  reaction  is  more  specific 
for  listeriosis  than  the  agglutination  reaction.  The  antigen  is  extract¬ 
ed  from  the  Listeria  culture  by  heating  it  for  1  hr  in  a  boiling -water 
bath  and  sensitizing  sheep  erythrocytes  with  the  extract  obtained 
(whole  or  diluted  to  1:5);  2.5#  of  the  erythrocytes  is  added  to  the  ex- 
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tract.  The  treated -erythrocyte  suspension  Is  then  subjected  to  hemagglu¬ 
tination  with  the  serum  under  Investigation,  employing  the  usual  tech¬ 
nique. 


Paul-Bunnel *s  reaction.  This  reaction  consists  In  agglutinating 
the  serum  under  investigation  with  washed  sheep  erythrocytes.  It  may  be 
positive  at  serum  dilutions  of  1:10-1:20  or  more,  as  high  as  1:160  in 
certain  cases.  According  to  indications  In  the  literature,  this  reaction 
is  positive  In  approximately  1/3  of  all  cases  of  listeriosis,  but,  be¬ 
ing  nonspecific,  may  be  positive  in  diseases  such  as  infectious  mono- 
u  leosis  of  viral  etiology. 

Complement -fixation  reaction.  This  reaction  is  more  specific  for 
listeriosis  than  the  agglutination  reaction.  The  diagnostic  serum  tltre 
for  humans  Is  1:10  or  more;  this  titre  may  also  be  of  anamnestic  signi¬ 
ficance.  On  recovery  the  complement -fixation  reaction  often  quickly  be¬ 
comes  negative  or  drops  to  a  low  positive  level.  The  success  of  the  re¬ 
action  is  affected  by 'the  quality  of  the  antigen,  which  is  prepared  by 
treating  a  suspended  Listeria  culture  with  ultrasound,  followed  by  pre¬ 
servation  with  phenol  to  a  final  concentration  of  0.5#.  Alcoholic  anti¬ 
gen  can  also  be  used,  but  it  reacts  with  the  antibodies  in  the  comple¬ 
ment-fixation  reaction  only  at  low  Immune-serum  dilutions;  heated  and, 
particularly,  formallnized  antigen  has  poor  fixation  properties  and  a 
pronounced  antlcompllmentary  action. 

Biological  testing 

Pathological  material  from  patients  or  cadavers  can  be  investiga¬ 
ted  biologically.  White  mice,  which  are  given  the  naterial  (preliminar¬ 
ily  ground  and  mixed  with  physiological  solution'  subcutaneously,  are 
usually  used  for  such  tests.  Biological  investigations  are  carried  out 
in  parallel  with  culturing.  It  must  be  kept  in  mini  that  the  sensitivity 
of  white  mice  to  listeriosis  Is  limited  (the  DCLM  for  virulent  strains 
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injected  subcutaneously  is  usually  no  less  than  100,000-1  million  cells), 
so  that  it  is  not  always  possible  to  detect  Listeria  in  the  material  be¬ 
ing  studied.  Their  susceptibility  to  this  disease  can  be  sharply  in¬ 
creased  by  a  single  intramuscular  injection  of  cortisone  (4-5  mg  4  hr 
before  the  test  is  conducted).  The  trout  Lagurus  lagurus  is  highly  sus¬ 
ceptible  to  listeriosis  (with  a  DCLM  of  10-100  cells)  and  is  conse¬ 
quently  to  be  recommended  for  biological  tests  for  Listeria;  these 
trout  reproduce  well  in  captivity. 

The  time  required  for  the  animals  to  die  after  subcutaneous  in¬ 
jection  of  the  material  under  investigation  depends  on  its  infectivity 
and  varies  from  3  to  51  days  in  white  mice  (not  treated  with  cortisone) 
and  from  3  to  8  days  in  trout.  Listeria  can  be  detected  bacterloscop- 
ically  in  the  liver,  spleen*  etc.,  of  animals  which  die  of  listeriosis 
within  a  short  time  (10-20  days)  after  infection  and  cultures  are  easi¬ 
ly  made  from  these  organs.  Bacterioscopy  is  usually  negative  in  pro¬ 
tracted  cases,  but  cultures,  especially  those  from  the  brain,  may  be 
ositive. 

Considering  the  ability  of  Listeria  to  reproduce  in  dead  tissue, 
part  of  the  pathological  material  under  investigation  (pieces  of  paren¬ 
chymatous  organs,  thetrain,  etc.)  should  be  placed  in  sterile  test- 
tubes,  kept  in  a  refrigerator  (at  4-6°)  for  5-10  days,  and  then  sub¬ 
jected  to  biological  Investigation  once  more. 

The  experimental  animals  which  survive  must  be  killed  (white  mice 
no  earlier  than  the  20th  day  and  trout  no  earlier  than  the  10th  day  af¬ 
ter  inoculation).  Pieces  of  the  liver,  spleen,  and  brain  are  cultured 
on  meat -infusion  agar  and  broth.  If  the  organs  of  the  killed  animals 
exhibit  no  marked  pathologoanatomlc  changes  (necrotic  foci,  etc.)  no 
further  cultures  are  made  and  the  investigation  is  regarded  as  finished. 

Conjunctival  test  in  guinea  pigs.  A  drop  of  a  day-old  tjroth  cul- 
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ture  is  applied  to  the  extended  lower  lid  of  one  eye;  the  reaction  is 
regarded  as  positive  when  suppurative  conjunctivitis  develops  after 
2-3  days. 

Detection  of  Listeria  in  the  external  environment 

Methods  for  detecting  Listeria  in  the  external  environment  have 
not  been  sufficiently  well  studied  and  few  data  are  available.  Biologi¬ 
cal  tests  with  white  mice  form  the  basis  for  such  techniques  and  can  be 
used  to  investigate  water,  material  washed  from  straw  and  grain,  etc. 
Laboratory  diagnosis  of  listeriosis  in  animals 

The  same  investigative  techniques  are  used  as  in  diagnosing  this 
■-ilsease  in  man.  The  organs  of  dead  domestic  or  wild  animals  (brain, 
liver,  spleen,  and  enlarged  lymph  nodes)  are  investigated  by  bacterio- 
scopy,  culturing  on  nutritive  media,  and  biological  testing.  When  the 
brains  and  parenchymatous  organs  of  domestic  animals  are  to  be  examined 
separately  it  is  recommended  that  the  altered  portions  of  the  tissue 
(necrotic  foci.  Inflamed,  hyperemic,  or  edemlc  areas,  etc.)  be  cut  away 
and  carefully  ground  in  a  mortar  with  a  small  quantity  of  sterile  sand 
and  meat-infusion  broth  or  physiological  solution.  Successful  diagnosis 
is  ensured  by  culturing  large  quantities  of  material  (e.g. ,  2-5  ml  of 
carefully  ground  suspension)  in  flasks  containing  15-50  ml  of  meat-in- 
fuslon,  liver,  or  serum  broth.  Sick  domestic  animals  can  be  investigated 
by  serological  methods.  There  are  indications  that  it  is  possible  to 
utilize  an  allergic  reaction  for  diagnosing  listeriosis  in  domestic  an¬ 
imals  (e.g.,  pigs).  The  antigen  is  injected  lntracutaneously  in  a  dose 
of  0.2  ml  and  an  infiltration  2  x  3  cm  in  size  forms  within  72  hr  in 
animals  suffering  from  listeriosis  and  in  carriers. 

Biological  testing  in  white  mice  is  employed  to  detect  Listeria  in 
the  organs  of  live  rodents  and  other  small  mammals. 
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TOXOPLASMOSIS 

D.N.  Zasukhin,  Doctor  of  Biological  Sciences,  and  A.K.  Yygiste,  Candi¬ 
date  of  Medical  Sciences 

Toxoplasmosis  is  a  parasitic  disease  of  man  and  Is  also  widespread 
among  mammals  and  birds. 

The  causative  agent  of  toxoplasmosis  Is  the  parasitic  Protozoa 
Toxoplasma  gondii  Nlcolle  et  Manceaux,  1909* 

We  distinguish  two  forms  of  this  disease  in  man,  congenital  and 
acquired.  In  congenital  toxoplasmosis  the  causative  agent  enters  the 
developing  fetus  through  the  placenta  and  multiplies,  damaging  various 
organs  and  tissues.  Intrauterine  death  of  the  fetus,  developmental  an¬ 
omalies  and  damage  to  the  central  nervous  system  (hydrocephalia,  mi¬ 
crocephalia,  foci  of  calcification  in  the  brain,  etc.),  damage  to  the 
eyes  (corloretinitls,  etc.),  abortion,  and  improper  development  of  in¬ 
dividual  organs  are  characteristic  of  congenital  toxoplasmosis.  In  some 
cases  the  Infant  exhibits  a  pattern  of  encephalitis. 

Mothers  who  bear  such  infants  may  be  clinically  healthy  carriers 
;>r  have  toxoplasmosis  In  its  acute  or  chronic  form. 

Acquired  toxoplasmosis  also  has  diverse  clinical  manifestations. 

We  can  distinguish  lymphadenopathic,  exanthemic,  cerebrospinal,  and  ocu- 

i 

lar  forms.  In  addition  to  acute,  clearly  manifest  toxoplasmosis,  there 
are  mild  forms  and  the  symptomless  form  exhibited  by  carriers,  the  lat¬ 
ter  occurring  rather  widely,  especially  among  the  various  groups  of  the 
populace  which  come  into  contact  with  infected  material  (veterinary 
workers,  hunters,  rabbit  breeders,  slaughterhouse  workers,  and  certain 
others). 

Morphology  of  toxoplasma 

Toxoplasma  is  crescentic  or  oval  in  shape,  with  one  pole  of  the 
body  pointed  and  the  other  rounded.  In  dry  smears  it  is  4-7  p  long  and 
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2-4  |j,  wide.  In  preparations  stained  by  Romanowskiy-Glemsa 's  method  the 
protoplasm  takes  on  a  blue  color,  while  the  centrally  located  nucleus 
Is  stained  red.  The  latter  (which  Is  1-2  p  in  diameter)  gives  a  posi¬ 
tive  Feulgen's  reaction.  No  flagella  or  other  motor  organelles  have 
been  detected.  Toxoplasma  is  an  obligatory  intracellular  parasite  and 
is  found  in  the  liver,  spleen,  lungs,  brain,  spinal  cord,  muscles.  In¬ 
testinal  wall,  and  other  organs  and  tissues.  It  cannot  always  be  detec¬ 
ted  In  the  blood,  even  in  acute  cases.  Toxoplasma  is  capable  cf  active 
movement  and  active  penetration  of  various  cells  of  the  host. 

This  microorganism  reproduces  by  longitudinal  binary  f'ssion.  It 
multiplies  only  in  the  protoplasm  of  the  host's  cells. 

In  addition  to  free  intracellular  forms,  so-called  pseudocysts  and 
cysts  may  be  found  in  man  and  animals.  These  usually  occur  in  the  brain 
(near  the  ventricles),  eyes,  and  myocardium.  Pseudocysts  and  cysts  are 
aggregations  of  parasites,  usually  within  a  single  cell.  Cysts  are  en¬ 
closed  by  a  clearly  visible  membrane. 

Cysts  and  pseudocysts  may  survive  for  prolonged  periods  (years)  in 
man  and  animals;  they  are  oval  or  round  in  shape  and  there  is  not  alway 
a  clearly  distinguishable  boundary  between  the  individual  parasites.  A 
single  cyst,  30-150  p  in  diameter,  may  contain  several  hundred  Toxoplas 
ma.  Deposits  of  calcium  salts  surround  the  cyst,  such  foci  being  called 
calcifications;  they  range  from  1  mm  to  1  cm  in  diameter  and  can  occa¬ 
sionally  be  detected  during  x-ray  examination. 

Laboratory  Diagnosis  of  Toxoplasmosis 

The  laboratory  diagnosis  of  toxoplasmosis  involves  a  set  of  para¬ 
sitological  investigation s  involving  attempts  to  detect  the  causative 
agent  in  smears,  organ  prints,  and  histological  sections,  biological 
tests  in  laboratory  animals  (white  mice,  hamsters,  susliks,  etc.),  im¬ 
munological  reactions  (with  Sabln-Feldman 's  stain),  the  complement-fix- 


atlon  reaction,  the  hemagglutination  reaction,  the  diffusion  reaction 
in  a  gel,  cutaneous  tests,  the  fluorescent -antibody  reaction,  etc. 
Parasitological  (microscopic)  investigation 

Biopsy  specimens,  puncture  specimens,  the  cerebrospinal  flul^d,  and 
various  exudates  can  be  examined.  In  performing  autopsies  it  is  best  to 
take  material  from  the  brain,  liver,  spleen,  lungs  and  lymph  nodes. 

In  microscopic  examination  of  organ  fragments  smears  or  prints  are 
prepared  on  slides.  Fluids  are  preliminarily  centrifuged  (at  2000-3000 
rpm  for  10-20  min).  The  smears  and  prints  are  fixed  in  methyl  alcohol 
or  Nikiforov's  solution  (alcohol  and  ether)  and  stained  by  Romanowsky- 
Qiemsa's  method.  The  preparations  are  examined  with  an  oil-immersion  ob 
Jective.  In  studying  smears  and  prints  it  must  be  kept  in  mind  that  in 
the  majority  of  cases  there  will  be  few  parasites  in  the  preparation, 
even  when  the  process  is  acute. 

Parasitological  differential  diagnosis.  Toxoplasma  are  structural¬ 
ly  (morphologically)  similar  to  certain  other  Protozoa,  from  which  they 
r.ust  be  distinguished.  In  man  these  include  Leischmania,  Trypanosoma 
•uzi,  Sacrosporidia,  yeasts,  and  similar  organisms.  In  addition  to  the 
aforementioned,  in  animals  Toxoplasma  must  be  distinguished  by  Enceph- 
alitozoon,  Coccidia,  Hepatozoon,  and  M  organisms. 

There  are  usually  few  parasites  in  the  smear  and  careful  examina¬ 
tion  of  many  fields  of  view  is  consequently  necessary.  It  must  be  noted 
that  Toxoplasma  is  not  always  found  in  the  blood  and  that  it  occurs  in 
small  quantities  when  it  is  present.  Detection  of  this  microorganism 
when  examining  blood  preparations  is  consequently  purely  accidental. 

Histological  Investigation.  Fragments  of  organs  and  tissues  (the 
brain,  liver,  spleen,  lymph  nodes,  eyes,  etc.)  are  fixed  in  the  usual 
manner  (with  formalin,  Carnot's  solution,  etc.).  Subsequent  processing 
is  carried  out  by  histological  methods.  Sections  are  stained  with  hema- 
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toxylin-eosln  and  by  Romanowsky-Oiemsa 's  and  other  methods.  The  resul¬ 
tant  preparations  are  examined  with  an  oll-lmmerslon  system.  This  pro¬ 
cessing  causes  Toxoplasma  In  such  preparations  to  be  substantially  smal 
ler  than  In  smears  and  prints,  as  well  as  more  circular  In  shape.  The 
nuclei  of  Toxoplasma  In  specimens  stained  with  hematoxylln-eosln  are 
dark  violet,  while  their  cytoplasm  Is  red. 

Toxoplasma  cysts  In  histological  sections  are  stained  with  azocar- 
mlne  by  Heldenhaln's  method  (S.G.  Vasina).  The  cysts  can  be  easily  dis¬ 
tinguished  from  the  surrounding  tissue  In  such  stained  sections.  The 
o* st  membranes  are  stained  dark  blue,  the  nuclei  of  the  Toxoplasma  red, 
and  their  cytoplasm  a  blue  of  varying  Intensity. 

Culturing  of  Toxoplasma 

Toxoplasma  are  cultured  on  8-12-day -old  chick  embryos. 

The  chorioallantois  Is  used  for  Inoculation.  Smears  are  prepared 
for  examination  from  this  membrane  and  from  the  liver  and  spleen  of  the 
embryo. 

Toxoplasma  can  also  be  raised  In  tissue  cultures,  but  this  method 
has  not  yet  come  Into  wide  use  for  diagnosing  toxoplasmosis. 

Serological  investigation 

Reaction  with  Sabln-Feldman 's  stain.  This  reaction  Is  based  on  the 
fact  that  the  cytoplasm  of  live  extracellular  Toxoplasma  suspended  In 
serum  which  does  not  contain  specific  antibodies  is  stained  blue  by  an 
alkaline  solution  of  methylene  blue.  The  toxoplasma  do  not  pick  up  the 
dye  when  specific  antibodies  are  present  in  the  serum.  The  following  In 
gredlents  are  necessary  for  the  reaction. 

1.  Live  Toxoplasma.  Peritoneal  exudate  from  white  mice  infected 
3-4  days  previously  Is  used  as  the  source  of  live  Toxoplasma.  The  exu¬ 
date  is  passed  through  a  syringe  with  a  fine  needle  several  times  to 
free  the  microorganisms  from  the  host  cells. 


2.  Test  serum  (which  need  not  be  inactivated). 


TABLE  38 

Scheme  of  Reaction  with  Sab in -Feldman's  Stain 
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Note:  The  amounts  of  the  ingredients  are  measured 
in  drops . 

1)  Ingredients;  2)  test-tube  No.:  3)  control;  4)  test  serum;  5)  physio¬ 
logical  solution;  6)  activator:  7)  Toxoplasma  suspension;  8)  test-tubes 
incubated  in  water  bath  at  37*  for  1  hr;  9)  alkaline  methylene  blue 
solution;  10)  final  serum  dilution. 


3.  Fresh  human  serum  containing  no  specific  antibodies  (the  so- 
•ailed  auxiliary  factor  or  activator),  without  whith  the  reaction  can¬ 
not  be  conducted.  When  frozen  (at  -30°)  the  activator  retains  its  pro¬ 
perties  for  2-3  montns.  Repeated  freezing  and  thawing  reduce  its  qual¬ 
ity. 

4.  Alkaline  (pH  *  11.0)  methylene  blue  solution.  This  Ingredient 
is  made  up  as  needed  from  saturated  alcoholic  methylene  blue  and  a  buf¬ 
fer  solution  of  sodium  bicarbonate  and  borax. 

Azure  A  or  3,  toluidine  blue,  brilliant  cresol  blue,  or  thionine 
can  be  used  as  the  stain. 

It  is, however,  necessary  to  adhere  to  the  commonly  accepted  method, 
so  that  the  data  cf  different  laboratories  are  comparable. 

Table  38  shows  the  manner  in  which  the  reaction  is  set  up  (after 
Beverly  and  Bitty). 
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Evaluation  of  results.  A  drop  from  the  bottom  cf  the  test-tube  Is 


placed  on  a  slide  and  covered  with  a  cover  slip;  the  number  of  unstained 
extracellular  Toxoplasma  Is  then  counted  under  a  microscope.  Any  serum 
dilution  (or  tltre)  at  which  more  than  50#  of  the  Toxoplasma  remain  un¬ 
stained  Is  regarded  as  positive.  In  making  this  evaluation  It  Is  neces¬ 
sary  to  take  Into  account  the  number  of  unstained  parasites  In  the  con¬ 
trol;  for  example ,  If  10#  of  the  Toxoplasma  In  the  control  are  un¬ 
stained  the  serum  Is  regarded  as  positive  when  60#  of  the  parasites  on 
the  experimental  slide  are  unstained. 

Complement -fixation  reaction.  This  reaction  Is  set  up  In  the  same 
t  .nner  as  the  classical  Bordet-Gengou  reaction. 

1.  The  antigen  is  prepared  from  peritoneal  exudate  from  Toxoplasma- 
infected  white  mice.  The  working  dose  Is  1  antigen  unit  (the  greatest 
antigen  dilution  which  yields  complete  arrest  of  hemolysis  with  posi¬ 
tive  serum). 

2.  The  serum  to  be  investigated  Is  Inactivated  at  56°  for  30  min. 

3.  Fresh  normal  guinea  pig  serum  Is  used  as  the  complement.  The 
complement  dose  is  determined  by  titrating  It  in  the  presence  of  the 
antigen. 

4.  The  hemolytic  system  consists  of  equal  parts  of  a  3#  suspension 
of  washed  sheep  erythrocytes  and  hemolytic  serum  from  a  rabbit  Immun¬ 
ized  with  sheep  erythrocytes,  which  is  diluted  to  one -third  of  tltre. 

In  order  to  sensitize  the  erythrocytes  the  suspension  is  placed  In  a 
heater  at  37°  for  30  min.  Table  39  shows  the  scheme  of  the  complement- 
fixation  reaction. 

Evaluation  of  results.  The  extent  to  which  hemolysis  Is  retarded 
is  Indicated  on  a  4-plus  scale.  The  serum  (or  Its  tltre)  is  regarded  as 
positive  if  the  extent  of  this  retardation  is  evaluated  as  no  less  than 
two  plusses. 


TABLE  39 

Scheme  of  Complement -fixation  Reaction 
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1)  Ingredients  (In  ml);  2)  test-tube  No.;  3)  control;  4)  diluted  test- 
serum;  5)  antigen;  6)  comnlement;  7)  physiological  solution;  8)  up  to; 
9)  In  a  refrigerator  at  4*  for  16-18  hr;  10)  hemolytic  system;  11)  In 
a  heater  at  37*  for  30-40  min. 


Intracutaneous  allergic  test  with  toxoplasmln.  This  test  Is  set 
up  In  the  same  manner  as  Mantoux’s  reaction.  The  toxoplasmln  Is  usually 
pre pared  from  diluted  peritoneal  exudate  from  Toxoplasma -Infected  white 
uuce.  It  Is  processed  by  a  special  method  and  Injected  lntracutaneously 
In  a  dose  of  0.1  ml.  Subcutaneous  Injection  of  an  equal  quantity  of 
sterile  physiological  solution  serves  as  the  control. 

In  evaluating  the  results  the  test  Is  regarded  as  positive  if  an 
Infiltration  no  less  than  10  x  10  mm  In  size  develops  at  the  site  of 
the  toxoplasmln  Injection  within  48  hr. 

Evaluation  of  data  obtained.  There  is  now  no  doubt  of  the  speci¬ 
ficity  of  the  serological  reactions  and  allergic  skin  test  used  in  toxo¬ 
plasmosis. 

The  complement-fixation  reaction  becomes  positive  3-4  weeks  after 
the  onset  of  the  illness  and  remains  so  for  from  2  to  4  years. 

The  stain  reaction  becomes  positive  during  the  second  week  of  111- 
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ness,  but  remains  so  for  a  more  protracted  period.  This  reaction  stays 
positive  at  low  tltres  throughout  the  entire  lifetime  of  the  animal  in 
the  opinion  of  some  researchers  and  for  4-5  years  after  Infection  In 
the  view  of  others.  The  reaction  with  toxoplasmin  becomes  positive  at 
the  end  of  the  4th  week  after  infection  and  probably  remains  so  until 
the  animal  dies.  The  intracutaneous  test  does  not  yield  reliable  results 
in  children  less  than  2  years  old  and  adults  more  than  60  years  old, 
since  the  body  is  areactive  to  toxoplasmosis  antigen. 

The  tltre  of  complement -fixing  antibodies  In  the  serum  is  always 
:  astantially  lower  than  the  antibody  titre  detected  in  the  stain  reac¬ 
tion  (provided  that  both  reactions  are  positive). 

Isolation  of  Toxoplasma  by  biological  testing 

The  same  materials  are  used  for  biological  testing  as  for  micro¬ 
scopic  examination  (the  brain,  liver,  spleen,  lymph  nodes,  cerebrospi¬ 
nal  fluid,  etc.);  they  should  be  sterile.  Pieces  of  the  organs  In  ques¬ 
tion  are  ground  in  a  mortar  and  suspended  In  a  small  quantity  of  phy¬ 
siological  solution,  to  which  antibiotics  (penicillin  and  streptomycin) 
should  be  added  to  suppress  the  concomitant  microflora. 

White  mice,  hamsters,  susliks,  guinea  pigs,  and  other  laboratory 
animals  susceptible  to  toxoplasmosis  are  used  for  inoculation. 

Rodents  are  usually  inoculated  lntraperltoneally . with  0.5-1  ml  of 
the  organ  suspension,  but  they  may  also  be  Inoculated  subcutaneously, 
intracerebrally,  etc.  It  must  be  kept  in  mind  that  there  are  strains  of 
Toxoplasma  which  are  of  low  virulence 'for  one  species  of  animal  and 
more  virulent  for  other  species.  Hence  it  follows  that  the  chances  of 
isolating  Toxoplasma  from  the  material  under  investigation  are  en¬ 
hanced  if  It  Is  used  to  Inoculate  different  laboratory  animals.  Infect¬ 
ed  animals  are  subject  t  <  generalization  of  the  pathological  process. 
Toxoplasma  are  easily  detected  in  various  organs,  especially  the  liver. 


by  examining  stained  smears. 

A  large  quantity  of  exudate  (up  to  2.5  ml)  containing  many  Toxo¬ 
plasma  is  formed  in  the  abdominal  cavities  of  mice.  The  microorganisms 
can  easily  be  detected  by  examining  a  compressed  drop  of  the  exudate  at 
low  magnification  or  by  studying  smears  fixed  and  stained  in  the  usual 
manner. 

In  some  cases  it  is  necessary  to  make  3-5  passes  (over  a  period  of 
7-10  days)  to  increase  the  virulence  of  the  toxoplasma. 

A  diagnosis  of  toxoplasmosis  can  be  made  only  In  accordance  with 
clinical  symptoms,  positive  serological  and  allergic  reactions,  and  an¬ 
amnestic  data.  Serological  investigations  should  be  conducted  several 
times  over  the  course  of  the  infection.  An  increase  in  antibody  tit re 
is  an  important  characteristic  of  toxoplasmosis.  A  single  serological 
investigation  is  of  clinical  value  only  when  the  stain  reaction  is  posi¬ 
tive  at  a  tltre  of  1:64  or  more  and  the  complement -fixation  reaction  is 
simultaneously  positive  at  a  titre  of  1:5.  If  these  reactions  are  ac¬ 
companied  by  a  negative  skin  test  it  is  very  probable  that  the  infec¬ 
tion  is  recently  incurred.  Detection  of  low  antibody  titres  in  the 
first  Investigation  followed  by  a  rise  in  titre  after  3-4  weeks  is  an 
important  indication  of  recently  Incurred  toxoplasmosis. 

If  the  antibody  titre  does  not  rise  on  subsequent  examination  of 
the  patient's  serum,  the  disease  in  question  is  obviously  not  toxoplas¬ 
mosis. 

A  proper  diagnosis  of  toxoplasmosis  can  be  made  whep  the  appro¬ 
priate  clinical  symptoms  are  present,  the  causative  agent  has  been  iso¬ 
lated  or  detected  in  preparations,  and  the  serological  data  satisfy  the 
aforementioned  requirements. 
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DISEASES  CAUSED  BY  PATHOGENIC  INTESTINAL  PROTOZOA 

Prof.  Sh.D.  Moshkovskly,  Corresponding  Member  of  the  Academy  of  Medical 
Sciences  USSR,  and  Ye. A.  Pavlova,  Candidate  of  Medical  Sciences 

Amebiasis 

Six  species  of  ameba  are  parasitic  In  the  human  intestine:  Enta¬ 
moeba  histolytica.  Entamoeba  hartmannl.  Entamoeba  coll,  Endollmax  nana, 
Jodamoeba  butschlll,  and  Dlentamoeba  fragllls. 

Of  these  amebae  only  Entamoeba  histolytica  (the  dysentery  ameba) 
is  pathogenic,  being  the  causative  agent  of  amebiasis,  a  disease  pro¬ 
duced  by  the  multiplication  of  this  protozoan  In  the  tissues  of  the 
la  ge  Intestine,  or,  less  frequently,  other  organs. 

The  acute  form  (stage)  of  Intestinal  amebiasis  is  characterized  by 
a  frequent  stool  and  by  appearance  of  mucous  and  blood  in  the  feces. 
Periods  of  acute  symptoms  often  alternate  with  periods  of  remission  and 
the  disease  has  a  prolonged  relapsing  course. 

Entamoeba  histolytica  may  leave  the  large  Intestine  and  reproduce 
in  the  skin  around  the  anus  or  a  fistula  or  In  the  tissues  of  other  or¬ 
gans  (the  liver,  lungs,  brain,  etc. ){  this  is  referred  to  as  extraen¬ 
teric  amebiasis. 

Amebae  are  found  in  the  human  body  in  the  vegetative  stage  (feed¬ 
ing  and  reproducing)  and  in  the  cyst  stage.  Vegetative  amebic  forms  die 
soon  (within  15-20  min)  after  being  excreted  from  the  body,  while  cysts 
may  retain  their  viability  for  a  longer  time. 

Dysentery  amebae  may  reproduce  for  a  protracted  period  In  the  large 
intestine  without  penetrating  Its  tissues  or  producing  clinical  symp¬ 
toms  (making  the  animal  a  carrier).  In  carriers  the  ameba  reproduces  In 
a  small  vegetative  form,  the  forma  minuta  (lumen  form),  which  produces 
cysts  and  has  4  nuclei  when  mature. 

Only  cysts  are  detected  In  formed  feces  in  the  normally  functlon- 
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ing  lr^estine.  Vegetative  lumen  forms  can  also  be  detected  when  the  in¬ 
testinal  function  Is  disrupted,  as  manifested  in  the  appearance  of  a 
liquid  or  semiformed  stool. 

In  ulcerative  conditions  of  the  large  intestine  caused  by  dysen¬ 
tery  amebae  the  vegetative  stages  are  larger  (tissue  form,  or  forma 
magna)  than  the  lumen  form  and  engulf  erythrocytes.  Large  tissue  forms 
of  Entamoeba  histolytica  are  detected  in  masses  in  the  mucoid,  bloody 
feces  observed  during  the  acute. .phase  of  the  illness,  which  is  accom¬ 
panied  by  formation  of  extensive  ulcers  in  the  large  intestine;  they 
also  occur  in  lesser  numbers  in  small  pieces  of  mucous  embedded  in  the 
apparently  normal  feces  of  persons  with  only  slight  ulcerations  of  the 
large  intestine. 

Laboratory  Diagnosis  of  Amebiasis 
Material  for  examination;  taking  of  samples 

Feces  or  mucous  taken  from  the  rectum  or  sygmoid  colon  during  rec- 
toscopy  or  romanoscopy  are  examined. 

The  feces  should  be  collected  in  a  clean  dry  vessel,  in  portions 
of  10-15  g- 

In  extraenteric  amebiasis  pus  obtained  by  puncturing  or  opening 
the  abscesses  in  the  liver,  lungs,  or  other  organs  is  examined. 

The  samples  must  be  examined  for  vegetative  amebic  forms  immed¬ 
iately  after  they  are  taken,  since  these  forms  die  and  decompose  within 
15-30  min  after  they  are  isolated  from  the  body. 

Feces  containing  cysts  can  be  kept  in  a  refrigerator  for  several 
days.  Nevertheless,  it  is  not  desirable  to  postpone  the  examination, 
since  isolated  cysts  undergo  changes  which  hamper  diagnosis. 

Cysts  in  feces  can  be  preserved  in  Barbagallo's  solution  (4#  for¬ 
malin  in  physiological  solution),  using  5-8  parts  of  solution  to  one 
part  of  feces.  The  cysts  of  E.  coli  survive  for  several  years,  but  the 

-  512  - 


majority  of  the  cysts  of  other  amebae,  including  E.  histolytica,  be¬ 
come  granular  after  several  days  in  this  solution,  which  makes  it  hard 
to  distinguish  their  nuclei. 

Parasitological  (microscopic)  Investigation 

The  clinical  manifestations  of  amebiasis  are  very  diverse  and  are 
often  quite  similar  to  the  symptoms  of  Intestinal  disorders  of  other 
etiologies.  A  diagnosis  of  amebiasis  should  consequently  be  confirmed 
parasitologically.  The  following  rules  must  be  observed  in  parasltolog- 
lgal  Investigation. 

1.  The  material  to  be  examined  must  be  fresh,  since  amebae  are  not 
'.sistant  to  the  action  of  environmental  agents. 

2.  The  individual  conducting  the  investigation  should  be  thorough¬ 
ly  familiar  with  the  investigative  techniques  and  the  morphological 
characteristics  of  the  pathogenic  ameba  E.  histolytica  and  of  the  other 
species  of  ameba  encountered  in  the  human  intestine. 

3.  The  investigation  must  be  repeated  several  times  when  a  nega¬ 
tive  result  is  obtained.  Amebae  are  isolated  from  the  intestine  in  a 
nonuniform  fashion  during  the  various  stages  of  the  disease  and  a  sin¬ 
gle  negative  analysis  does  not  permit  the  investigator  to  exclude  the 
possibility  of  amebiasis.  Failure  to  observe  any  of  the  aforementioned 
rules  may  lead  to  diagnostic  errors. 

Before  preparing  specimens  for  microscopic  examination  the  mater¬ 
ial  should  be  subjected  to  careful  macroscopic  Inspection,  noting  its 
consistency  and  the  presence  of  mucous  or  blood.  Native  smears  and 
fixed,  stained  preparations  are  examined  microscopically. 

Preparation  of  native  smears.  These  preparations  are  made  up  on 
clean  slides.  A  small  piece  of  fecal  matter  is  taken  with  a  wooden  rod 
from  the  most  suspicious  area  (that  containing  mucous  and  blood),  care¬ 
fully  mixed  with  a  drop  of  physiological  solution,  applied  to  a  slide, 
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and  covered  with  a  cover  slip.  Care  must  be  taken  that  the  suspension 
contains  no  large  particles,  which  prevent  uniform  distribution  of  the 
material  between  the  two  pieces  of  glass.  The  final  preparation  should 
be  of  moderate  thickness.  If  it  is  too  thin  it  contains  only  a  small 
quantity  of  material,  while  if  it  is  too  thick  the  large  number  of  dif¬ 
ferent  elements  hampers  detailed  examination  of  the  protozoa.  A  native 
preparation  must  be  examined  with  the  illumination  slightly  reduced 
(the  diaphragm  closed). 

When  the  illumination  has  been  properly  adjusted  the  amebae  and 
cysts  in  the  native  preparation  appear  as  somewhat  greenish  refractive 
bodies.  A  preliminary  inspection  is  conducted  at  low  magnification;  all 
small  refractive  structures  detected  at  this  magnification  should  then 
be  examined  at  high  magnification  (with  a  40-power  objective).  In  order 
to  observe  the  movement  of  vegetative  amebae  it  is  necessary  to  avoid 
cooling  the  specimen.  For  this  purpose  the  preparation  must  be  made  up 
on  a  heated  slide  and  observed  on  a  heated  stage  or  with  the  microscope 
in  a  heated  box. 

Microscopic  pattern  of  native  preparatlcn  s .  Large  vegetative  tis¬ 
sue  forms  of  E.  histolytica  are  observed  in  specimens  prepared  from 
bloody  mucous  taken  from  amebiasis  patients  with  ulcerations  of  the 
large  intestine.  These  amebae  are  round  or  oval  in  shape  when  at  rest 
and  range  from  15  to  30-4C  pi  in  diameter.  Elongated  forms  may  be  of 
greater  length.  The  cytoplasm  is  divided  into  two  distinct  layers.  The 
outer  layer,  which  is  highly  refractive,  transparent,  and  homogeneous, 
is  called  the  ectoplasm.  This  ectoplasm  forms  pseudopodia,  which  are 
protuberances  usually  pointing  in  tne  direction  in  which  the  ameba  is 
moving. 

In  fresh  fecal  matter  the  tissue  form  of  E.  histolytica  is  charac¬ 
terized  by  active  progressive  movement.  This  type  of  active  movement  is 
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not  observed  In  the  nonpathogenic  amebae  of  the  human  Intestine.  The 
inner  layer,  the  endoplasm,  is  less  transparent  and  granular.  This  lay¬ 
er  contains  the  nucleus,  whose  outlines  are  usually  inde«.ectable  in 
fresh  preparations.  The  endoplasm  of  fresh  tissue  forms  of  E.  histoly¬ 
tica  do  not  contain  bacteria,  which  distinguishes  it  from  the  other  in¬ 
testinal  amebae,  whose  cytoplasm  always  contains  bacteria.  E.  histoly¬ 
tica  ii  capable  of  phagocytizing  erythrocytes.  Amebae  containing  en¬ 
gulfed  erythrccyies  can  always  be  detected  when  piucous  and  blood  are 
present  in  '  *  feces  in  acute  amebiasis.  Tissue  amebae  which  phagocytize 
c;  throe, 'tes  are  referred  to  as  hematophages  or  erythrophages.  Detec¬ 
tion  of  hematophages  is  very  important  in  diagnosing  the  acute  phase  of 
amebiasis,  since  the  other  Intestinal  amebae  do  not  engulf  erythrocytes 
under  normal  conditions.  Vegetative  lumen  forms  of  E.  histolytica  can 
be  detected  in  semiformed  nonsanguinous  feces  obtained  from  convales¬ 
cents,  after  exacerbation  from  persons  suffering  from  protracted  relaps¬ 
ing  amebiasis,  and  from  carriers  with  undamaged  large  intestines. 

The  lumen  form  of  E.  histolytica  is  12-20  p,  in  diameter.  Its  cyto¬ 
plasm  is  divided  into  ectoplasm  and  endoplasm.  Its  movement  is  less  ac¬ 
tive  than  that  of  the  tissue  forms,  but  it  exhibits  sudden  intermittent 
formation  of  transparent  pseudopodia.  A  small  number  of  engulfed  bac¬ 
teria  are  sometimes  visible  in  the  endoplasm.  The  lumen  form  of  E.  his¬ 
tolytica  does  not  phagocytize  erythrocytes. 

Cy~ts  of  E.  histolytica  can  be  detected  in  the  formed  feces  of 
persons  who  have  recovered  from  amebiasis  and  of  carriers.  The  cyst 
membrane  is  clearly  visible  in  native  preparations.  The  cy6ts  are  round 
or  sometimes  slightly  oval  in  shape,  very  rarely  being  irregular.  They 
range  from  6  to  20  ^  in  diameter,  averaging  10-12  p.  The  cytoplasm  is 
fine-grained,  with  no  differentiation  into  endoplasm  and  ectoplasm; 
there  are  never  any  engulfed  particles.  The  nuclei  cannot  be  seen  in 
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native  preparations.  Inclusicns,  taking  the  form  of  colorless,  highly 
rrfracti/e  rods  or  masses  with  rounded  ends,  oan  be  clearly  distin¬ 
guished  in  some  cysts.  These  inclusions  are  a  reserve  of  nutritive  ma¬ 
terial  and  are  called  chromatid  bodies. 

Differentiation  of  the  various  species  of  amebae  and,  especially, 
their  cysts  Is  facilitated  by  examination  of  specimens  prepared  with 
Lugol's  reagent  (1:2:100).  This  solution  is  stored  in  a  brown-flask  bot¬ 
tle.  It  should  be  made  up  fresh  every  12-14  days. 

The  technique  for  preparing  specimens  with  Lugol's  solution  Is  the 

same  as  for  native  specimens,  except  that  a  drop  of  Lugol's  reagent  is 

f 

used  instead  of  a  drop  of  physiological  solution.  Two  preparations  are 
usually  made  up  on  the  same  slide,  one  native  and  the  other  with  Lugol's 
reagent.  The  native  smear  is  investigated  first,  the  vegitative  form 
being  identified  their  movement  and  the  character  of  the  engulfed  par¬ 
ticles;  when  cysts  are  detected  the  preparation  is  studied  with  Lugol's 
solution  to  determine  the  species  to  which  they  belong.  In  the  latter 
preparation  the  cytoplasm  of  the  cysts  is  stained  a  greenish-yellow  co¬ 
lor.  The  structure  and  number  of  the  nuclei  can  be  determined  in  iodine- 
stained  cysts.  The  nuclei  of  E.  histolytica  cysts  take  the  form  of  rings 
of  small  refractive  granules,  with  a  small  circular  karyosome  in  the 
center.  The  number  of  nuclei  in  these  cysts  ranges  from  1  to  4  (there 
are  eight  in  mature  E.  coll  cysts).  In  iodine-treated  preparations  the 
glycogen  vacuole  of  the  cyst  can  be  seen  as  a  brownish  spot  with  dif¬ 
fuse  margins.  Iodine  does  not  stain  the  chromatoid  bodies. 

In  order  to  determine  the  viability  of  the  amebae  and  cysts  a  par¬ 
ticle  of  fecal  matter  is  mixed  with  a  drop  of  2%  eosin.  Live  amebae  and 
cysts  do  not  pick  up  the  dye,  while  dead  amebae  are  stained  a  reddish 
color.  The  nucleus  is  stained  first  as  the  cell  die*,  followed  by  the 
cytoplasm. 
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Preparation  of  permanent  stained  specimens.  It  Is  sometimes  diffi¬ 
cult  to  Identify  amebae  and  their  cysts  In  fresh  preparations.  In  some 
cases  a  conclusive  diagnosis  can  be  made  only  from  stained  specimens. 
Permanent  stained  preparations  of  protozoa  clearly  shew  the  structural 
details  of  the  nuclei  and  other  elements.  Such  preparations  can  be 
stored  for  long  periods  and  can  be  subjected  to  repeated  examination. 

In  making  up  permanent  stained  preparations  the  material  used  must  be 
fresh  and  the  smears  should  be  properly  fixed.  The  smears  are  made  on 
cover  slips  or,  less  frequently,  on  slides,  the  former  being  more  con¬ 
venient.  The  material  U3ed  for  the  specimens  Is  carefully  inspected  and 
veas  containing  mucous  and  blood  are  selected.  The  smears  are  made 
with  a  platinum  loop  or  wooden  rod.  When  no  mucous  Is  present  a  small 
quantity  of  fecal  matter  Is  smeared  on  the  edge  of  a  cover  slip  and  the 
latter  is  then  drawn  (under  light  pressure)  along  another  cover  slip 
held  by  one  of  Its  corners.  The  smear  should  be  as  uniform  in  thickness 
as  possible.  Care  must  be  taken  that  the  specimen  does  not  dry  out  dur¬ 
ing  its  preparation  or  its  subsequent  transfer  from  liquid  to  liquid. 
The  cover  slip  Is  carefully  dropped  with  Its  smeared  side  down  so  that 
It  floats  on  the  surface  of  a  portion  of  Shaudl.n’s  fixative*  In  a  large 
watch-glass  or  a  salt-shaker  with  a  concave  bottom. 

After  a  few  seconds  the  cover  slip  (smear  down)  drops  to  the  bot¬ 
tom  of  the  watch-glass  and  is  then  transferred,  smeared  side  up,  to  a 
Petri  dish  containing  fresh  Shaudln's  solution.  The  cover  slips  are 
arranged  smeared  side  up  In  a  row  on  the  bottom  of  the  dish,  in  order 
to  avoid  damaging  the  smears.  After  20-25  min  the  preparations  are 
transferred  (in  the  same  position)  to  a  dish  containing  70*  alcohol, 
where  they  are  left  for  5  min;  In  order  to  remove  any  residue  of  the 
mercuric  chloride  they  are  then  placed  In  70*  alcohol  containing  Iodine 
(tincture  of  iodine  Is  added  to  the  70*  alcohol  until  It  reaches  the 
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color  of  port  wine  or  thoroughly  steeped  tea).  The  specimens  are  then 
twice  left  to  stand  for  5  min  in  70*  alcohol.  If  staining  cannot  be 
carried  out  immediately,  the  preparations  can  be  stored  in  70*  alcohol 
for  a  prolonged  period  (several  months). 

Staining  method.  Staining  by  Haydenhayn's  method.  The  70*  alcohol 
is  rinsed  from  the  fixed  specimens  with  distilled  water  and  they  are 
placed  in  a  4#  solution  of  ferrous  ammonium  sulfate  [NH^Pe (SO^) »12H20] , 
which  is  the  mordant,  for  6-12  hr. 

The  alum  solution  is  prepared  as  needed  from  amethyst -colored  crys¬ 
tals.  Crystals  covered  with  a  yellowish  deposit  are  carefully  washed 
with  distilled  water  to  remove  it.  After  they  have  taken  on  a  pure  ame¬ 
thyst  color  they  are  dried  with  filter  paper  and  the  requisite  quantity 
is  weighed  out.  A  20#  alum  solution  can  be  prepared  beforehand  and  will 
not  deteriorate  for  several  months.  This  20#  solution  is  diluted  by  a 
factor  of  5  before  use.  After  the  mordant  has  been  applied  the  specimen 
is  qulcly  washed  with  distilled  water  and  transferred  to  the  hematoxylin 
solution  for  12-24  hr. 

The  hematoxylin  solution  is  prepared  in  the  following  manner:  1  g 
of  hematoxylin  is  dissolved  in  10  ml  of  96°  alcohol,  sufficient  dis¬ 
tilled  water  is  added  to  make  100  ml,  and  the  solution  Is  kept  in  a 
heater  at  37°  for  3-4  days  to  age.  It  can  then  be  stored  In  well-stop- 
pered  bottles. 

After  application  of  the  hematoxylin  the  specimen  is  rinsed  with 
water  and  differentiated  in  1-2#  ferrous  ammonium  sulfate.  This  is  done 
in  the  following  manner:  the  specimen  is  placed  smear  down  on  a  bridge 
formed  by  gluing  two  strips  of  glass  to  a  slide  with  Canadian  balsam. 

The  alum  solution  is  poured  beneath  the  specimen.  The  specimen 
must  be  checked  microscopically  (at  low  and  then  high  magnification) 
until  the  structure  of  the  nucleus  and  cytoplasm  can  be  clearly  seen. 
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After  differentiation  the  specimen  Is  thoroughly  washed  with  distilled 
water  and  then  rinsed  with  tap  water  under  a  faucet  or  in  a  Petri  dish, 
changing  the  water  frequently  over  a  period  of  30-45  min.  The  specimen 
is  dehydrated  by  being  successively  placed  in  alcohol  of  Increasing 
strength  (70,  80,  and  96°)  for  3-5  min.  Prom  the  96*  aloe  hoi  it  is 
transferred  to  a  carbol-xylol  mixture  (one  part  of  chemically  pure 
phenol  and  two  parts  of  xylol)  for  clarification,  rinsed  in  pure  xylol, 
and  sealed  in  Canadian  balsam.  There  are  a  number  of  modifications  of 
this  method  which  require  less  time,  but  it  is  not  always  sensible  to 
•  time  at  the  expense  of  the  quality  of  the  results  obtained. 

Faust's  modification.  The  specimen  is: 

1.  Fixed  for  2  min  in  Shaudin's  solution  heated  to  60°; 

2.  Placed  in  70*  alcohol,  70*  alcohol  containing  iodine,  70°  alco¬ 
hol,  and  50*  alcohol  for  2  min  each; 

3.  Rinsed  with  water  for  2  min; 

4.  Placed  in  2 %  aqueous  alum  heated  to  40*  for  2  min; 

5.  Rinsed  with  water  for  3  min; 

6.  Placed  in  O.556  aqueous  hematoxylin  for  2  min; 

7.  Rinsed  with  water  for  2  min; 

8.  Differentiated  in  -.old  1-2%  aqueous  alum; 

9.  Rinsed  with  water  for  10-15  min; 

10.  Placed  in  70°,  80*,  90*,  and  100*  alcohol  for  2  min  each; 

11.  Clarified  in  xylol  and  sealed  in  balsam. 

Hematoxylin  staining  by  Hansen's  method.  The  specimen  is  fixed  in 
Shaudin's  solution  in  the  same  manner  as  for  staining  by  Haydenhayn's 
method. 

The  70°  alcohol  is  rinsed  off  with  distilled  water  and  the  speci¬ 
men  is  transferred  to  Hansen's  hematoxylin  (preliminarily  filtered)  for 
from  30  sec  to  2  min. 


Hansen's  hematoxylin  Is  prepared  in  the  following  manner:  10  g  of 
chrome  alum  is  dissolved  In  250  ml  of  distilled  water  and  boiled  until 
a  greenish  color  appears.  A  total  of  1  g  of  crystalline  hematoxylin  Is 
dissolved  In  10-15  ml  of  hot  water  and  then  added  to  the  alum  solution 
or  dissolved  directly  In  the  hot  alum  solution,  stirring  it  constantly. 

The  mixture  takes  on  a  dark,  almost  black  color.  When  the  mixture 
has  cooled  5  ml  of  10$  aqueous  sulfuric  acid  Is  added  to  it.  It  is  then 
mixed  with  0. 55  g  of  potassium  dichromate  preliminarily  dissolved  in 
20  ml  of  warm  water.  The  potassium  dlchromate  solution  must  be  added 
drop  by  drop,  stirring  the  mixture  constantly.  The  solution  is  then 
boiled  for  2-4  min  and  Is  ready  for  use  when  it  lias  cooled.  It  Is  stored 
In  tightly -stoppered  bottles. 

The  specimen  is  then  rinsed  with  distilled  water  and  tap  water 
(see  above)  in  a  dish  for  10-30  min.  Dehydration,  clarification,  and 
sealing  In  balsam  are  carried  out  in  the  manner  described  above. 

Hematoxylin  staining  by  Delafleld's  method.  The  specimen  is  fixed 
in  Shaudin's  solution.  After  being  removed  from  the  70°  alcohol  the 
-•jeclmen  is  rinsed  with  distilled  water  and  transferred  to  Delafleld's 
hematoxylin  for  6-10  hr.  Before  use  2  or  3  parts  of  distilled  water  are 
added  to  one  part  of  the  dye. 

Delafleld's  hematoxylin  Is  prepared  in  the  following  manner.  Two 
solutions  are  made  up:  1)  4  g  of  hematoxylin  is  dissolved  in  25  ml  of 
absolute  alcohol;  2)  a  saturated  solution  of  potash  alum  is  made  up  In 
400  ml  of  distilled  water.  The  two  solutions  are  mixed  In  a  wide-mouthed 
Jar  and  left  to  stand  in  a  light  place  for  3-4  days.  The  mixture  is  then 
filtered  and  100  ml  of  glycerine  and  100  ml  of  methyl  or  960  ethyl  alco¬ 
hol  are  added  to  it. 

The  solution  is  left  to  stand  in  a  heater  in  a  loosely  covered  bot¬ 
tle  for  from  several  days  to  6  weeks,  periodically  being  shaken  during 
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this  period.  It  is  then  filtered  and  stored  in  bottles  with  ground  stop¬ 
pers. 

After  application  of  the  hematoxylin  the  specimen  is  rinsed  for 
5-10  min  and  differentiated  in  70*  alcohol  acidified  with  acetic  acid 
(2-3#).  It  is  then  immersed  for  several  minutes  in  70*  alcohol  to  which 
ammonia  has  been  added  (one  drop  per  100  ml  of  alcohol)  to  remove  the 
acid.  Staining  can  also  be  carried  out  with  Delafleld's  solution  dilu¬ 
ted  by  a  factor  of  200.  In  this  case  the  specimen  is  periodically  in¬ 
spected  until  a  stain  of  sufficient  intensity  is  achieved;  differentia- 
t.' on  is  omitted. 

Dehydration,  clarification,  and  sealing  in  balsam  are  conducted 
in  the  same  manner  as  in  the  other  methods. 

Delafleld's  hematoxylin  stains  cysts  well. 

Permanent  stained  specimens  prepared  in  this  manner  can  be  stored 
for  several  years. 

Microscopic  pattern  of  stained  specimens.  In  stained  specimens  the 
vegetative  tissue  form  of  E.  histolytica  is  round  or  oval  in  shape.  The 
differentiation  into  ectoplasm  and  endoplasm  is  easily  seen:  the  ecto¬ 
plasm  appears  as  a  light  ring,  while  the  endoplasm  is  stained  a  grayish- 
blue,  is  fine-grained,  and  sometimes  contains  small  bacteria-free  vacu¬ 
oles.  The  erythrocytes  in  the  endoplasm  are  round,  black  inclusions  of 
varying  diameter,  depending  on  the  stage  of  digestion.  In  contrast  to 
native  preparations,  where  the  basic  characteristics  are  movement  and 
the  character  of  pseudopod  formation,  the  differential -diagnostic  char¬ 
acteristic  which  serves  to  distinguish  E.  histolytica  from  nonpathogenic 
amebae  in  permanent  specimens  is  the  structural  details  of  the  nucleus. 
The  nucleus  of  E.  histolytica  is  a  vesicle  approximately  5  y  in  diameter 
(4-9  n),  is  enclosed  by  a  thin  membrane,  and  stains  black.  The  inside  of 
the  membrane  is  lined  with  fine  chromatin  granules  arrayed  in  a  single 
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row,  which  stain  black  (the  peripheral  nuclear  chromatin  of  E.  coll  con¬ 
sists  of  larger,  coarser  granules).  The  small,  dark,  round  karyosome  al¬ 
ways  lies  in  the  center  of  the  nucleus  in  E.  histolytica,  the  larger 
karyosome  of  E.  coll  is  usually  located  eccentrically. 

During  the  degeneration  of  vegetative  forms  of  E.  histolytica, 
which  occurs  shortly  after  they  are  isolated  from  the  body,  the  nucleus 
undergoes  changes  reflected  in  its  structure.  The  peripheral  chromatin 
granules  are  arrayed  randomly  under  the  nuclear  membrane  and  the  karyo¬ 
some  becomes  Irregular  in  shape  and  appears  larger.  Degenerated  nuclei 
of  E.  histolytica  divide  in  a  manner  similar  to  that  exhibited  by  the 
nuclei  of  E.  coll,  which  makes  it  impossible  to  distinguish  the  two  spe¬ 
cies.  The  specimens  must  consequently  be  prepared  from  fresh  material 
and  properly  fixed. 

The  vegetative  lumen  form  of  E.  histolytica  is  smaller  (12-20  in 
diameter)  than  the  tissue  form.  The  differentiation  into  ectoplasm  and 
endoplasm  is  less  distinct  than  in  the  tissue  form  and  the  endoplasm 
contains  no  erythrocytes.  The  structure  of  the  nucleus  is  similar  to 
that  observed  in  the  tissue  form. 

Cysts  of  E.  histolytica.  The  majority  of  the  cysts  of  this  species 
retain  their  spherical  shape  and  their  diameter  is  the  same  as  in  fresh 
preparations  (6-20  \i,  averaging  10-12  u)*  The  cyst  membrane  does  not 
stain,  but  the  cytoplasm  stains  a  bluish-gray,  while  the  nuclear  chrom¬ 
atin,  karyosome,  and  chromatoid  bodies  stain  black.  The  number  of  nuclei 
ranges  from  1  to  4,  mature  cysts  containing  4.  The  structure  of  the  nu¬ 
cleus  is  similar  to  that  observed  in  the  vegetative  forms.  In  cysts  con¬ 
taining  4  nuclei  the  peripheral  chromatin  forma  a  crescentic  .jass  in 
the  nucleus.  A  substantial  percentage  of  the  cysts  of  E.  histolytica 
(especially  in  fresh  material)  exhibit  rod-like  chromatoid  bodies  with 
rounded  ends,  which  stain  an  intense  black.  The  presence  of  chromatoid 
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bodies  facilitates  a  diagnosis,  since  they  are  considerably  less  common 
in  the  cyst  of  E.  coli  and  have  pointed  ends  when  they  do  occur. 

For  a  precise  diagnosis  of  the  cyst  of  E.  histolytica  it  is  neces¬ 
sary  to  find  mature  cysts  containing  4  nuclei  (mature  cysts  of  E.  coli 
have  8  nuclei).  In  making  microscopic  examinations  it  must  be  kept  in 
mind  that  the  nuclei  often  do  not  lie  in  the  same  plane  and  consequently 
can  be  examined  and  counted  only  when  the  micrometer  screw  is  turned. 

The  vegetative  forms  and  cysts  of  E.  histolytica  and  other  intes¬ 
tinal  protozoa  are  well  preserved  in  the  following  mixture: 

Olycerine  -  1.5  ml 

01acia_  acetic  acid  -  5  ml 

Shaudin's  fixative  (without  acetic  acid)  -  93*5  ml 

Powdered  polyvinyl  alcohol  —  5  S 

The  mixture  is  heated  to  75°  in  a  water  bath  and  shaken  until  the 
powder  has  completely  dissolved.  The  resultant  solution  can  be  stored 
for  several  months. 

In  order  to  preserve  material  containing  intestinal  protozoa  one 
part  of  fecal  matter  is  mixed  with  3  parts  of  this  solution.  Permanent 
stained  specimens  can  be  prepared  from  the  mixture  after  weeks  or  months. 
For  this  purpose  it  is  thoroughly  shaken  and  smears  are  made  on  slides. 

I 

The  latter  are  dried  at  37°  for  3  hr  or  more,  transferred  to  alcohol 
containing  iodine,  and  then  treated  by  Haydenhayn's  method. 

Methods  of  concentrating  cysts.  Methods  of  concentrating  the  cyst 
in  the  material  under  investigation  have  been  proposed  in  order  to  re¬ 
duce  the  time  Involved  in  the  investigation  and  the  number  of  specimens 
which  must  be  examined  and  to  increase  the  probability  of  detecting 
cysts. 

Concentration  methods  are  employed  only  for  formed  feces  assumed 
to  contain  cysts,  since  any  vegetative  amebae  are  always  destroyed  when 
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the  material  Is  processed.  The  proposed  techniques  are  based  either  on 
deposition  of  the  cysts  In  water  or  flotation  on  a  liquid  with  a  higher 
specific  gravity  than  the  cysts. 

Deposition  method.  1.  Settling  method.  Pieces  of  feces  weighing 
approximately  5  g  are  carefully  mixed  with  a  small  quantity  of  tap  wa¬ 
ter,  transferred  to  a  500  ml  graduate  filled  to  overflowing  with  water, 
shaken,  and  permitted  to  stand  for  10-15  min.  The  large  particles  of 
fecal  matter  settle  to  the  bottom  during  this  period.  The  cloudy  liquid 
at  the  top  Is  poured  off  Into  another  graduate  and  permitted  to  stand 
for  24  hr.  The  cysts  settle  to  the  bottom  during  this  period  and  the 
supernatant  Is  discarded.  The  residue  Is  examined.  2.  Centrifugation 
method:  the  deposition  of  the  cysts  can  be  accelerated  by  centrifuging 
the  liquid  after  It  has  stood  for  10-15  min.  Centrifuging  Is  carried 
out  for  from  45  sec  to  1  rain  at  1000  rpm  and  the  residue  is  examined. 

Cyst-flotation  methods.  The  residue  left  In  the  cylinder  after  the 
suspension  has  stood  for  24  hr  Is  freed  of  the  fecal  particles  deposit¬ 
ed  with  the  cyst  by  repeated  centrifuging  with  water.  When  the  superna¬ 
tant  becomes  clear  It  is  discarded  and  a  30#  sucrose  solution  or  33# 
zinc  sulfate  solution  Is  added  to  the  residue.  The  mixture  Is  thorough¬ 
ly  shaken  and  centrifuged  for  2  rain  at  100  rpm.  The  film  containing  the 
cyst  Is  examined. 

The  preparations  produced  by  all  these  concentration  methods  are 
examined  with  Lugol's  reagent. 

Examination  of  carriers.  Persons  employed  In  the  foodstuffs  in¬ 
dustry,  medical  workers,  and  employees  of  pediatric  institutions  should 

* 

be  examined  to  determine  whether  they  are  cyst  carriers.  The  material 
to  be  examined  for  protozoa  should  be  taken  when  specimens  are  collect¬ 
ed  at  bacteriological  stations  where  persons  In  the  aforementioned  cate¬ 
gories  are  examined  for  bacterial  dysentery. 
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Feces,  which  are  collected  in  covered  boxes,  serve  as  the  material 
to  be  investigated  and  can  be  stored  in  a  refrigerator  for  24  hr.  The 
investigation  is  conducted  with  native  smears  and  smears  stained  with 
Lugol 's  solution.  In  doubtful  cases  no  less  than  3  permanent  stained 
specimens  are  prepared  from  each  sample. 

Investigation  of  cadavers.  Autopsies  should  be  performed  as  soon 
after  death  as  possible.  Affected  portions  of  the  large  Intestine, 
lungs,  liver,  and  other  organs  are  subjected  to  histological  treatment. 
Amebae  occur  in  the  tissues  and  smears  are  prepared  from  the  affected 
a. ?as  to  permit  their  detection.  The  smears  are  processed  in  the  manner 
scribed  above. 

Culturing  of  amebae 

Culturing  of  material  on  nutritive  media  to  obtain  an  amebic  growth 
is  a  supplemental  diagnostic  procedure  and  is  employed  after  all  the 
aforementioned  methods  have  been  exhausted.  Negative  culturing  results 
do  not  permit  the  investigator  to  exclude  the  possibility  of  amebiasis. 

The  media  used  for  culturing  amebae  can  be  divided  into  two  groups: 
media  with  a  solid  substrate  and  liquid  media.  The  most  satisfactory 
media  are  Beck  and  Drbolav's  solid  medium  and  Ye. A.  Pavlova's  liquid 
medium. 

Pieces  of  feces  weighing  approximately  0.1  g  (or  pieces  of  mucous 
if  it  is  present)  are  forced  to  the  bottom  of  a  test-tube  containing 
medium  heated  to  37° •  The  culture  is  incubated  at  37°  and  the  amebae 
multiply  on  the  bottom  of  the  tube.  The  first  transplants  are  made  af¬ 
ter  24  hr  and  subsequent  transplants  at  48-hr  intervals.  A  Pasteur  pi¬ 
pette  is  used  for  transferring  material  to  fresh  medium,  collecting  a 
small  quantity  of  the  ameba -containing  sediment  from  the  bottom. 
Detection  of  amebae  by  biological  testing 


This  method  is  rarely  employed  for  diagnostic  purposes.  Kittens, 
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puppies,  rabbits,  rats,  guinea  pigs,  etc,  are  used  as  laboratory  ani¬ 
mals  for  infection  with  £.  histolytica.  If  the  Inoculation  material 
contains  vegetative  forms  (or  Is  assumed  to  contain  them)  it  Is  admin¬ 
istered  per  rectum  or  Injected  directly  Into  the  cecum  with  a  syringe 
(by  laparotomy).  When  the  results  are  positive  the  animals  develop 
diarrhea  containing  mucous  and  blood  within  3-8  days.  Microscopic  exam¬ 
ination  reveals  E.  histolytica. 

Material  containing  cysts  obtained  by  concentration  methods  Is  ad¬ 
ministered  per  os.  The  fecal  matter  is  washed  from  the  cysts  and  they 
are  mixed  with  the  animal's  food.  When  the  results  are  positive  diarrhea 
containing  mucous  and  blood  develops  after  an  lncubaticn  period  lasting 
for  from  several  days  to  several  weeks.  Microscopic  examination  re¬ 
veals  vegetative  E.  histolytica. 

Ulcerations  containing  tissue  forms  of  E.  histolytica  are  detected 
in  the  large  Intestine  and,  when  the  cecum  is  inoculated,  primarily  In 
this  organ. 

Infected  animals  are  kept  separate,  observing  safety  measures. 
Detection  of  E.  histolytica  In  the  external  environment 

Water  Is  examined  for  amebic  cysts.  The  settling  and  centrifugation 
methods  can  be  employed  if  the  water  Is  contaminated.  If  the  water  ap¬ 
pears  to  be  pure  it  is  filtered  through  membrane  filters  and  material 
scraped  from  them  is  then  examined. 

Balantidiasis 

Balantidium  coll  causes  severe  anatomic  damage  to  the  large  intes¬ 
tine;  asymptomatic  carriers  are  also  observed.  B.  coll  is  usually  found 
in  the  vegetative  stage  in  the  human  Intestine,  cysts  rarely  being  en¬ 
countered. 

The  techniques  for  collecting  material,  examining  it,  and  prepar¬ 
ing  permanent  stainwd  specimens  are  the  same  as  for  amebiasis. 


Microscopic  pattern.  Vegetative  forms  of  B.  coll  are  oval  In  shape, 
30-150  p  long  and  30-^0  p  wide.  The  entire  soma  of  B.  coll  Is  covered 
with  rows  of  cilia.  Live  specimens  exhibit  vigorous  movement.  The  slit- 
like  mouth  (cytostome)  Is  located  In  the  anterior,  narrower  end  of  the 
body  and  Is  surrounded  by  long  cilia,  while  the  anus  Is  at  the  poster¬ 
ior  end.  There  are  two  nuclei:  the  macronucleus  Is  a  thick,  curved 
whlp-like  structure,  while  the  micronucleus  is  small  and  round  and  lie 
very  close  to  the  macronucleus.  It  Is  often  Impossible  to  detect  the 
micronucleus.  The  cysts  are  oval  In  shape  and  45  x  65  p  in  size  and  are 
vered  with  a  distinct  double  membrane. 

B.  coll  grow  well  on  the  media  used  for  culturing  Intestinal  amebae. 
Intestinal  Flagellates 

Trichomonas  hominis  is  oval  (sometimes  circular)  in  shape  and  3- 
20  p  In  diameter.  The  enlarged  anterior  portion  of  its  soma  bears  3-4 
free  flagella.  Along  the  margin  of  the  body  is  a  sinuous  membrane, 
whose  edge  bears  a  filament  terminating  in  a  free  flagellum.  There  is 
a  spine-like  projection  at  the  posterior  end  of  the  body.  The  small 
vesicular  nucleus  is  in  the  anterior  half  of  the  soma.  This  microorgan¬ 
ism  does  not  form  cysts. 

Chilomastix  mesnlli  Is  piriform  In  shape,  7-20  p  long,  and  3-10  p 
wide.  The  blunt  anterior  end  of  the  soma  bears  4  free  flagella.  This 
microorganism  forms  piriform  cysts  somewhat  smaller  than  the  vegetative 
form.  It  reproduces  in  the  large  Intestine  and  Is  of  no  pathogenic  sig¬ 
nificance. 

Lamblia  lntestinalls  Is  piriform  with  truncated  poles,  10-20  p 
long,  and  5-15  p  wide.  The  flat  side  of  the  blunt  anterior  end  bears  an 
adhesive  disk,  with  which  the  parasite  attaches  Itself  to  the  epithelium 
of  the  small  intestine.  There  are  2  oval,  vesicular  nuclei  with  karyo- 
somes  In  the  center  and  4  pairs  of  flagella.  The  double  axial  filament 
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of  the  axostyle  passes  along  the  body. 

The  cysts  of  this  microorganism  contain  2  or  4  nuclei  and  the 
oolled  flagella  and  axostype  can  be  seen  within  them.  They  are  enclosed 
In  a  double  membrane  and  are  8-12  p.  long  and  7-10  \i  wide. 

Intestinal  flagellates  are  diagnosed  in  the  same  manner  as  amebae. 

Vegetative  forms  of  Lamblla  are  also  found  in  the  duodenal  con¬ 
tents,  which  are  sampled  by  probing. 

Lamblla  are  of  no  great  pathogenic  significance  In  the  overwhelm¬ 
ing  majority  of  cases.  Detection  of  these  microorganisms  In  persons 
suffering  from  intestinal  disorders  is  not  an  absolute  proof  that  they 
play  an  etiological  role. 

A  diagnosis  of  lamb.llosls  cannot  be  made  without  first  excluding 
diseases  of  bacterial  (Sh.  dysenteriae,  Salmonella,  pathogenic  Eschere- 
chia  coll,  etc.),  amebic,  and  viral  etiology  or  of  a  noninfectious  na¬ 
ture. 

In  rare  cases  the  etiological  role  of  Lamblla  can  be  established 
from  the  effectiveness  of  atebrin  therapy,  but  this  is  not  of  Itself 
always  a  precise  Indication  (Table  40). 

Nutritive  Media 

Beck  and  Drbolav's  medium.  A  total  of  4  eggs  are  broken  into  a 
vessel  containing  glass  beads  and  mixed  with  50  ml  of  Locke's  solution: 

Sodium  chloride  -  9  S 

Calcium  chloride  -  0. 24  g 

Potassium  chloride  -  0.42  g 

Sodium  carbonate  -  0.2  g 

Glucose  -  1  g 

Distilled  water  -  1  liter 

The  mixture  Is  poured  Into  test-tubes  and  permitted  to  coagulate 
In  an  Inclined  position  at  70*.  It  Is  then  sterilized  In  an  autoclave 
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for  20  min  and  5 -6  ml  of  a  mixture  of  Locke's  solution  and  inactivated 
human  or  horse  serum  in  a  ratio  of  1:8  (one  part  of  serum  to  8  parts  of 
Locke's  solution)  is  added  to  each  test-tube  under  sterile  conditions. 
Ye. A.  Pavlova's  liquid  medium: 

Sodium  chloride  -  4.25  g 
Disubstituted  sodium  phosphate  -  0.3  g 
Monosubstituted  potassium  phosphate  -  0.23  g 
Distilled  water  -  500  ml 

Portions  of  8-9  ml  of  the  solution  are  poured  into  test-tubes  and 
£■  ?rilized  in  an  autoclave ;  0.5  ml  of  serum  and  a  loopful  of  rice 
ftarch  preliminarily  ground  in  a  mortar  and  sterilized  by  dry  heat  are 
then  added  to  each  tube. 

TABLE  40 

Comparative  Characteristics  of  Human  Intestinal  Amebae 
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1)  Characteristics;  2)  species  of  ameba;  3)  vegetative;  4)  size  (in  mi¬ 
crons);  5)  movement;  6)  cytoplasmic  inclusions;  7)  tissue;  8)  lumen;  9) 
rapid  progressive  movement  accompanied  by  formation  of  large  ectoplas¬ 
mic  pseudopodia,  which  can  be  seen  in  resting  ameba;  10)  movement  more 
sluggish  than  in  tissue  forms.  Differentiation  into  ectoplasm  and  endo¬ 
plasm  visible;  11)  movement  may  be  progressive,  pseudopodia  formed  in¬ 
termittently;  12)  slow  movement,  pseudopodia  ir.  form  of  ectoplasmic 
protuberances,  not  visible  in  resting  state;  13)  slow;  14)  rapid  move¬ 
ment,  pseudopodia  maple -leaf -shaped;  15)  erythrocytes;  16)  erythrocytes 
not  usually  present;  17)  isolated  bacteria;  18)  bacteria;  19)  bacteria, 
cellular  detritis,  starch,  leucocytes,  etc.;  20)  nucleus  (in  hamatoxy- 
lin-stained  preparations;  21)  cysts:  22)  size  (in  microns):  23)  number 
of  nuclei;  24)  glycogen  vacuole;  25)  chromatoid  bodies;  2o)  peripheral 
chromatin  in  delicate  ring  beneath  nuclear  membrane.  Xaryosome  small, 
centrally  located;  27)  nucleus  similar  in  structure  to  that  of  E.  his¬ 
tolytica,  but  smaller  in  size;  28)  peripheral  chromatin  in  coarse  gran¬ 
ules  beneath  nuclear  membrane.  Karyosome  large.  Irregular  in  shape, 
eccentrically  located;  29)  chromatin  not  visible  on  nuclear  membrane. 
Ka-yosome  large,  consisting  of  several  clumps  collected  into  dense  mass; 
30)  chromatin  in  form  of  very  delicate  ring  on  nuclear  membrane.  Karyo- 
oome  large,  circular,  occasionally  eccentrically  located,  occupying 
substantial  portion  of  nucleus,  surrounded  by  large-celled  network  oc¬ 
cupying  remainder  of  nucleus;  31)  nuclear  membrane  in  form  of  scarcely 
detectable  ring.  No  peripheral  chromatin.  Karyosome  consisting  of  in¬ 
dividual  granules  collected  into  rosette -shaped  structure  in  center  of 
nucleus;  32)  up  to  10;  33)  cysts  unknown;  34)  averaging;  35)  mononucle¬ 
ar;  36)  diffuse  in  outline,  occupying  small  portion  of  cyst;  37)  dif¬ 
fuse  in  outline;  38)  present  in  young  (mononuclear  and  dinuolear)  cysts, 
occupying  almost  entire  cyst;  39)  not  always  present,  diffuse  in  out¬ 
line;  40)  present  in  all  cysts,  distinct  in  outline;  41)  forming  2-3 
block -like  structures  or,  less  frequently,  rods  with  blunt  ends,  pre¬ 
sent  in  substantial  majority  of  cysts;  42)  numerous,  forming  large 
spheres  and  rods:  43)  forming  rods  with  sharp,  pointed  ends  (rarely 
encountered);  44)  forming  narrow  curved  bands  (very  rarely  encountered); 
45)  not  present. 


.4ELI0D0SIS 

Prof.  Ya.Ye.  Kolyakov,  Distinguished  Scientist 

Mellodosls  is  a  glanderous  pyemic  disease  of  certain  species  of 
animals  and  of  man  and  is  encountered  in  a  number  of  the  nations  of 
Southeast  Asia  (Malaya,  Vlet-Nam,  Indonesia,  Thailand,  eto.),  Ceylon, 
and  Australia.  Isolated  cases  have  been  deteoted  in  South  America  and 
Panama.  Mellodosls  is  also  known  in  the  literature  as  Rangoon  glanders, 
glanderous  disease,  Stanton's  disease,  Fletcher's  disease,  and  pneumo- 
enteritis. 

The  international  classification  system  includes  the  causative 
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agent  of  meliodosis,  Pasudomonaa  pseud  anallei,  in  the  family  Pseudo- 
monadaoeae  of  the  order  Pseudomonodeles.  Its  synonyms  include  Bacillus 
whltmorl,  Malle  any ces  pseudomallei,  Loefflerella  whltmorl,  and  Bacillus 
pseud ooallei.  It  la  often  called  Whitmore's  bacterium,  after  the  scien¬ 
tist  who  discovered  It. 

Morphology  of  Whitmore's  bacterium 

Whitmore's  bacterium  is  a  well-structured  rod  1-6  p,  long  and  0. 5  P 
wide,  with  rounded  ends,  and  Is  mobile.  Longer  filamentous  forms  and 
coccold  forms  are  also  encountered.  It  Is  gram-negative  and  easily 
stained  with  aniline  dyes;  staining  Is  nonunif onn  and  often  bipolar. 
Staining  by  Romanowsky-Glemsa ' s  method  1b  recommended. 

Biology  of  Whitmore's  bacterium;  cultural  characteristics 

This  microbe  can  be  raised  on  any  nutritive  medium  and  Is  aerobic, 
but  will  also  grow  under  anaerobic  conditions.  The  optimum  culturing 
temperature  la  37. 5° • 

In  meat-infusion  broth  It  produces  a  uniform  turbidity  and  forms  a 
film  on  the  surface  of  the  medium.  It  grows  well  In  slightly  acid  and 
slightly  alkaline  media,  the  optimum  pH  being  7.6.  Glycerine  and  blood 
cerum  promote  its  grr  th. 

On  meat- lnfus ion  agar  Whitmore's  bacterium  forms  smooth,  circular, 
cream-colored  colonies,  which  later  become  rough  and  corrugated,  ac¬ 
quiring  a  yellowish-brown  hue  after  4-7  days.  The  best  growth  is  ob¬ 
tained  on  5%  glycerine  agar. 

In  meat- lnfus Ion  gelatin  it  produces  moderate  Infund ibul if orm  li¬ 
quefaction  (at  20°)  after  4-5  days. 

On  potato  medium  Whitmore's  bacterium  forms  a  profuse  creamy  or 
yellowish-cream  growth.  It  is  best  to  use  glycerinized  (5£)  medium. 

This  microorganism  peptonizes  milk  slowly,  without  clabbering  it. 

Whitmore's  bacterium  fezments  glucose,  lactose,  sucrose,  maltose, 
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M  fcanitol,  dulcitol,  and  inulin  to  form  an  acid  but 

S&S.  it  produces  hydrogen  sulfide  but  not  indol,has  a  denitrifying 


action,  and  reduces  methylene  blue 

Special  care  must  be  employed 

agents  of  glanders  and  meliodosis. 

Pseudomonas  mallei 

Cells  granular 
Nonlabile 

Translucent  grayisli-white 
growth  with  pearly  luster 
on  agar 

Does  not  liquefy  gelatin 

Honey-colored  growth  on 
potato  medium 

Rats  insusceptible 

Rabbits  relatively  insuscep¬ 
tible 


in  differentiating  the  causative 

since  they  are  sc  closely  related. 

Pseudomonas  pseudomallel 

Often  bipolar  when  stained 
Labile 

Rough  creamy  growth  on  agar 

Moderate  crateriform  liquefaction 
of  gelatin  when  stab-cultured 

Profuse  creamy  growth  on  potato 
medium 

Rats  very  susceptible 
Rabbits  susceptible 


In  differentiating  these  two  species  of  bacteria  it  must  be  kept 
in  mind  that  their  antigenic  properties  differ  little  in  the  complement- 
fixation  reaction  and  the  agglutination  reaction  when  they  are  cross- 
tested  with  glanders  and  meliodosis  sera  (since  they  have  ;he  same  0 
antigen).  Pseudomonas  pseudomallei  has  a  flagellar  H  antigen  and  its 
somatic  0  antigen  may  be  the  same  as  or  different  from  (type  2)  that  of 
Pseudomonas  mallei. 

Resistance  to  physical  and  chemical  agents 

Whitmore's  bacterium  is  thermolablle  and  dies  after  15  min  at  58° 
or  2-3  weeks  under  refrigeration  (at  -4°).  It  Is  resistant  to  desicca¬ 
tion.  It  survives  for  fran  8  to  27  days  in  putrescent  material  and  for 
up  to  44  days  in  water;  1 %  phenol  or  0. 1%  formalin  kill  it  within  24  hr. 
Laboratory  Diagnosis  of  Meliodosis 
Bacteriological  examination 

Bacteriological  diagnosis  (isolation  of  a  pure  culture  of  the  caus- 
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tlve  agent)  is  of  basic  importance  in  diagnosing  mellodosls.  For  this 
purpose  cultures  are  made  of  pus  from  the  abscesses,  the  nasal  dis¬ 
charge,  exudates,  the  blood,  the  urine,  and,  in  exceptional  cases,  the 
cerebrospinal  fluid.  The  material  is  cultured  in  the  usual  nutritive 
meat-infusion  agar,  meat- infusion  broth,  meat- infusion  gelatin,  and 
potato  medium. 

The  accelerated  method  of  bacteriological  diagnosis  consists  in 
staining  bacterial  smears  with  fluorescent  antibodies  (Moody,  Goldman, 
and  Thomson,  1956).  For  details  see  page  74  . 

Serological  Investigation 

In  chronic  cases  the  complement-fixation  reaction  and  the  agglu¬ 
tination  reaction  with  mellodosls  antigen  can  be  used  for  diagnostic 
purposes.  The  positive  agglutination  tltre  ranges  fran  1:80  to  1:640. 

Zt  is  necessary  to  take  into  account  the  antigenic  similarity  of  the 
causative  agents  of  glanders  and  mellodosls  and  the  similarity  of  the 
allergens  prepared  from  cultures  of  these  two  bacteria.  In  view  of  the 
essentially  identical  antigenic  structure  of  these  pathogenic  bacteria, 
serological  diagnosis  of  mellodosls  is  of  limited  practical  value.  Bac¬ 
teriological  diagnosis  is  of  decisive  importance.  I 

Isolation  of  Whitmore's  bacterium  by  biological  testing 

At  the  same  time  that  the  pathological  material  (pus,  blood,  urine) 
is  cultured  on  nutritive  media,  it  is  used  to  inoculate  male  guinea 
pigs  intraperltoneally  and  by  rubbing  ground  material  into  scarified 
areas  of  the  skin.  When  an  Isolated  culture  is  to  be  studied  it  is  in¬ 
jected  subcutaneously.  An  ulceration  develops  at  the  site  of  the  injec¬ 
tion,  while  intraperltoneal  inoculation  causes  suppurative  orchitis  and 
periorchitis  (the  "scrotal  sign").  The  animals  die  within  10-20  days. 
Rabbits  are  also  very  sensitive,  dying  after  8-10  days.  When  autopsies 
are  performed  on  guinea  pigs  and  rabbits  numerous  caseous  nodules,  fran 
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which  a  pure  culture  of  the  causative  agent  can  be  isolated,  are  found 
in  various  organs  (the  liver,  spleen,  and  lungs).  In  connection  with 
the  susceptibility  of  rats  to  mellodosls,  it  is  expedient  to  inoculate 
them  in  order  to  differentiate  pseudomonas  pseudanallel  frcm  Pseudomon¬ 
as  mallei. 

POOD  POISONINGS  CAUSED  BY  Cl.  PERFRINQENS 

Prof.  K. I.  Matveyev  and  B.D.  Bychenko,  Candidate  of  Medical  Sciences 

Outbreakd  of  food  poisonings  caused  by  Cl.  perfringens  have  a  spor¬ 
adic  or  epidemic  character.  Strains  of  type  A  (see  page  909)  cause  a 
brief,  acute  illness  involving  an  incubation  period  of  6-24  hr,  abdom¬ 
inal  pain,  and  diarrhea.  The  patient  may  evacuate  as  often  as  20  times 
a  day;  all  the  symptoms  disappear  after  24-46  hr  and  fatalities  are  ex¬ 
tremely  rare.  Cases  of  necrotic  enteritis  caused  by  strains  of  type  P 
take  a  more  severe  course.  In  its  acute  forms  this  disease  may  be  fatal 
within  12  hr.  The  most  characteristic  symptoms  are  abdominal  pain  and 
a  liquid  stool  passed  as  often  as  20  times  a  day,  sometimes  with  an  ad¬ 
mixture  of  blood.  Such  patients  often  end  up  on  the  operating  table 
with  a  diagnosis  of  "intestinal  obstruction."  In  Its  chronic  form  the 
disease  lasts  several  days.  Fatalities  are  common  (33$).  Cases  of  in¬ 
fectious  enterotoxemia  caused  by  strains  of  type  D  have  been  described 
in  man. 

Out  breaks  of  enterotoxemia  occur  among  animals  in  certain  pasture- 
lands,  where  the  soil  contains  highly  toxigenic  Cl.  perfringens  of  type 
B,  C,  D  or  E.  These  bacteria  may  be  spread  throughout  the  area  in  the 
feces  of  sick  animals  or  healthy  carriers.  Specific  antitoxic  Immunity 
is  the  principal  factor  in  protecting  against  enterotoxemia. 

The  role  of  thennolabile  strains  of  Cl.  perfringens  in  food  poi¬ 
sonings  should  not  be  underestimated,  since  experiments  on  volunteers 
have  shown  that  these  strains  can  produce  symptoms  of  infection. 
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Cl.  perfringens  Is  found  everywhere  under  natural  conditions:  in 
the  soil,  dust,  human  and  animal  feces,  the  water  of  rivers  and  lakes, 
mud,  various  objects,  etc. 

These  microorganisms  are  apparently  capable  of  vegetating  in  dif¬ 
ferent  soils,  especially  those  rich  in  humus  substances.  The  number  of 
Cl.  perfringens  per  gram  of  soil  averages  several  tens  of  thousands 
(10,000-70,000).  They  multiply  very  rapidly  in  the  intestines  of  man 
and  animals  and,  in  Borne  cases,  one  gram  of  feces  may  contain  more  than 
1  million  cells.  The  natural  distribution  of  the  individual  types  of 
Cl.  perfringens  has  not  been  sufficiently  well  studied.  The  type  most 
coranonly  encountered  in  the  soil  and  in  human  and  animal  fece;'  is  type 
A.  The  other  types  (B,  C,  D  and  E)  are  found  in  the  soil  of  areas  in 
which  the  livestock  industry  is  highly  developed  and  in  the  feces  of 
sick  and  healthy  animals.  Nothing  has  yet  been  found  in  which  type  P 
occurs  consistently.  This  bacterium  has  been  isolated  from  tinned  meats, 
fish  pies,  and  the  organs  of  persons  who  died  of  necrotic  enteritis  in 
lermany  (1946-1948). 

The  morphology,  biology,  cultural  characteristics,  and  toxicit  7  of 
Cl.  perfringens  are  discussed  in  detail  on  page  909. 

Laboratory  Diagnosis  of  Diseases  Caused  by  Cl.  Perfringens 

An  investigation  must  be  made  for  Cl.  perfringens  in  all  sporadic 
and  epidemic  cases  of  food  poisoning,  in  order  to  confirm  or  exclude 
these  bacteria  as  an  etiological  factor.  This  investigation  has  a  two¬ 
fold  purpose:  first,  direct  detection  of  the  toxins  of  Cl.  perfringens 
in  the  patient's  feces  or  the  contents  of  the  small  intestine  and  the 
peritoneal  fluid  in  the  case  of  cadavers  and,  second,  detection  of  the 
causative  agent. 

Material  for  examination;  taking  of  samples 

Vomitus,  the  fluid  obtained  by  gastric  lavage,  10  ml  of  blood  fran 


the  ulnar  vein,  or  200-300  g  of  feces  can  be  examined. 

The  foodstuffs  which  can  cause  poisoning  Include  meats,  fowl,  fish, 
canned  fruits  and  vegetables,  meat  and  fish  soups  and  other  dishes, 
sauces,  sausages,  grease,  milk,  etc. 

The  following  samples  are  taken  fran  cadavers :  200-300  g  of  the 
contents  of  the  small  Intestine,  100  ml  of  peritoneal  fluid  (to  be  In¬ 
vestigated  for  toxins),  the  Intestinal  and  mesenteric  lymph  nodes, 
pieces  of  the  liver,  and  10  ml  of  blood  fran  the  heart. 

In  convalescence  blood  Is  taken  from  the  ulnar  vein  (10-14  days 
after  the  onset  of  the  Illness),  to  be  investigated  for  specific  anti¬ 
toxins  In  the  serum  (this  investigation  can  be  conducted  only  at  scien¬ 
tific-research  institutes  of  microbiology,  In  accordance  with  the  spe¬ 
cial  Instructions  for  cases  of  mass  poisoning). 

All  the  samples  are  collected  in  sterile,  hermetically  sealed  ves¬ 
sels  and  sent  to  the  laboratory  as  soon  as  possible.  In  individual  ca¬ 
ses  the  material  can  be  stored  Jn  a  refrigerator  no  more  than  24 
hr. 

Bacteriological  examination 

Direct  examination  for  toxins.  A  large  portion  c-f  Yhe  patient's 
fe^es  or  the  Intestinal  contents  of  ths  cadaver  Is  carefully  ground  in 
a  mortar  with  one  or  two  parts  of  physiological  solution,  quickly  fil¬ 
tered  through  coarse  filter  paper,  and  centrifuged  at  5000  rpm  for  30 
min  to  obtain  a  clear  or  slightly  opalescent  liquid.  Peritoneal  fluid 
Is  freed  of  particles  by  centrifuging.  If  no  centrifuge  is  available 
all  these  materials  can,  after  preliminary  coarse  filtration,  be  fil¬ 
tered  through  a  Zeitz  filter  or  a  fine  simple  paper  filter.  This  proce¬ 
dure  Is  best  carried  out  at  low  temperature  (4°),  In  order  to  retard 
inactivation  of  the  toxins.  Filtration  usually  reduces  toxin  strength 


to  a  greater  extent  than  centrifuging. 
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During  the  analysis  the  clear  liquids  thus  obtained  are  stored  at 
4*  in  test-tubes  or  flasks  sealed  with  rubber  stoppers. 

In  order  to  determine  the  toxins  portions  of  0.5  and  0.1  ml  of  the 
centrifugate  are  administered  intravenously  (or  intraperitoneally)  to 
two  pairs  of  white  mice  weighing  22-24  g  and  0.1  ml  is  given  intracu- 
taneously  to  a  white  guinea  pig  or  rabbit.  The  animals'  behavior  is  ob¬ 
served  for  the  first  3-4  hr.  If  they  become  Ill  and  die,  exhibiting 
convulsions,  during  this  period  or  If  signs  of  necrotic  changes  develop 
at  the  site  of  the  ir.tracutaneous  injection  after  40-50  min,  a  neutral¬ 
ization  reaction  must  be  set  up  with  Cl.  perfringens  antitoxic  sera: 
portions  of  2.4  ml  of  the  liquid  under  investigation  are  poured  Into  6 
test-tubes  and  portions  of  0.6  ml  of  antitoxic  sera  to  Cl.  perfringens 
types  A,  B,  C,  D  and  E  are  added  to  5  of  them.  The  sixth  tube  serves  as 
the  control  (Table  4l).  Each  ml  of  serum  3hould  contain  no  less  than 
100  units  of  antitoxin. 

The  mixtures  are  incubated  at  208  for  40  min  and  portions  of  0.5 
r.l  or  1  ml  from  each  tube  are  administered  intravenously  to  2  white 
ice  weighing  22-24  g.  When  mice  are  not  available  the  reaction  can  be 
3et  up  with  guinea  pigs  or  rabbits;  in  this  case  0.2  ml  of  the  mixture 
is  injected  intracutaneously  into  the  skin  of  the  side. 

The  neutralization  reaction  is  preliminarily  evaluated  during  the 
first  5  hr.  A  final  evaluation  is  made  after  24  hr. 

It  is  customarily  assumed  that : 

.  i 

1)  the  principal  lethal  toxin  of  Cl.  perfringens  type  A  (lecithln- 
ase  C)  has  been  detected  if  the  mice  which  received  the  mixture  of  test 
fluid  and  type  A  serum  survive,  while  the  control  animals  die  (the  re¬ 
sults  obtained  by  administering  the  other  mixtures  are  of  no  signifi¬ 
cance). 

There  is  no  necrosis  at  the  site  of  the  intracutaneous  injection 
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TABLE  4l 

Scheme  of  Neutralization  Reaction  for  Principal  Le¬ 
thal  Toxins  of  Cl.  Perfringens 


1)  Test-tube  No.:  2)  quantity  of  test  fluid,  ml;  3)  antitoxic  sera;  4) 
antitoxin,  ml;  5)  physiological  solution,  ml. 

of  the  mixture  of  test  fluid  and  type  A  serum,  but  necrosiB  does  deve¬ 
lop  at  the  site  of  the  injection  of  liquid  from  the  control  tube  (No. 

6). 

An  additional  proof  of  the  presence  of  lecithinase  is  the  develop¬ 
ment  of  hematuria  in  the  control  animals,  a  positive  reaction  with  le- 
cithovitellin,  or  hemolysis  of  human,  mouse,  sheep,  or  rabbit  erythro¬ 
cytes  (see  the  section  headed  "Special  Investigative  Techniques"); 

2)  the  principal  lethal  toxins  of  Cl.  perfringens  type  B  (g  and 

e  toxins)  have  been  detected  if  the  mice  are  protected  by  type  B  serum 
and  the  other  mice  used  in  the  experiment  die.  Intracutaneous  injection 
.  of  the  mixture  of  test  fluid  and  type  B  serum  does  not  produce  necrosis, 
the  skin  becoming  necrotic  in  all  other  cases; 

3)  the  principal  lethal  toxin  of  Cl.  perfringens  types  B,  C,  and  P 
(g  toxin)  has  been  detected  if  the  mice  which  received  the  mixture  of 

-  539  - 


test  fluid  and  types  B  and  C  sera  survive  and  the  other  animals  die. 

Intracutaneous  injection  of  the  mixture  of  test  fluid  and  types  B 
and  C  sera  does  not  produce  necrosis,  the  skin  becoming  necrotic  in  all 
other  eases; 

4)  the  principal  lethal  toxin  of  Cl.  perfringens  type  D  (e  toxin) 
has  been  detected  if  the  mice  which  received  the  mixture  of  test  fluid 
and  type  D  (and  possibly  B)  serum  survive  and  the  other  animals  die. 

TABLE  42 


Scheme  of  Neutralization  of  Test  Fluid  with  Cl.  Per¬ 
fringens  Antitoxic  Sera 
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Symbols ;  0)  Mouse  survives,  no  necrosis  after1  intra¬ 
cutaneous  administration  to  guinea  pig;  +)  mouse 
dies,  necrosis  develops  after  Intracutaneous  admin¬ 
istration  to  guinea  pig;  6)  mouse  dies  or  survives, 
necrosis  not  always  noted  after  intracutaneous  ad¬ 
ministration  to  guinea  pig. 

1)  Neutralizing  action  of  antitoxic  sera  of  type;  2)  antitoxin;  3)  con¬ 
trol  -  mixture  of  test  fluid  and  physiological  solution;  4)  toxin  de¬ 
tected;  5)  lecithinase  (a  toxin);  6)  mixture  of  p  and  e  toxins;  7)  be¬ 
ta  toxin;  8)  epsilon  toxin;  9)  iota  toxin. 


Intracutaneous  administration  of  the  mixture  of  test  fluid  and 
type  D  (and  possibly  B)  serum  does  not  cause  necrosis,  the  skin  becom¬ 
ing  necrotic  in  all  other  cases; 
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5)  the  principal  lethal  toxin  of  Cl.  perfringenB  type  E  (  *  toxin) 
has  been  detected  if  the  mice  which  received  the  mixture  of  test  fluid 
and  type  E  serum  survive  and  the  other  animals  die. 

Intracutaneous  injection  of  the  mixture  of  teat  fluid  and  type  E 
serum  does  not  produce  necrosis,  the  skin  becoming  necrotic  in  all  oth¬ 
er  cases  (Table  42). 

Isolation  of  a  pure  culture  of  Cl.  perfrlngens.  In  order  to  detect 
Cl.  perfrlngens  the  material  under  investigation  is  cultured  on  one  of 


Weinberg’s  liquid  nutritive  media  (page  967^,  casein-mushroom  medium 
(^age  964),  meat  broth  containing  cotton  and  0.5#  glucose  (page  968), 
c-ugar  blood  agar  (page  970),  or  bile  agar  (page  970). 

Toxic  foodstuffs,  feces,  vomitus,  the  contents  of  the  Bmall  intes¬ 
tine,  lymph  nodes,  pieces  of  the  liver,  and  other  materials  are  ground 
in  separate  mortars  with  one  or  two  parts  of  physiological  solution  to 
obtain  a  homogeneous  suspension.  Each  suspension  is  divided  into  two 
parts,  one  of  which  is  heated  at  80°  for  15  min  (blood  from  a  patient 
or  cadaver  is  cultured  without  heating).  The  heated  and  unheated  mater¬ 
ial  is  then  cultured  in  1  ml  portions  on  a  liquid  nutritive  medium  in 
test-tubes  or  in  5  ml  port ions  in  flasks.  j 

The  heated  suspensions  are  also  streak-cultured  with  a  platinum 
loop  in  Petri  dishes  containing  blood  agar  and  in  long  columns  of  Wil- 
son-Blair’s  medium  and  of  agar  in  slender  test-tubes. 

The  cultures  are  incubated  for  24  hr  at  37°  in  anaerostatic  de¬ 
vices,  under  a  vacuum  (400  mm  Hg).  When  such  devices  are  not  available 
the  Inoculated  dishes  are  flooded  with  a  layer  of  no  less  than  2  mm  of 
agar,  which  is  melted  and  cooled  to  45-50",  and  then  placed  in  an  or¬ 
dinary  heater. 

The  character  of  the  growth  in  the  media  is  observed.  The  indivi¬ 
dual  strains  of  Cl.  perfrlngens  may  develop  rapidly  (within  4-8  hr)  in 
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liquid  and  solid  media,  exhibiting  Intensive  gas  formation,  darken  and 
split  Wllson-Blalr's  medium,  and  produce  disk- like  discontinuities  In 
long  agar  columns  In  narrow  test-tubes.  Colonies  which  turn  green  when 
exposed  to  the  air  are  formed  on  dishes  containing  blood  agar  within 
12-16  hr;  In  the  majority  of  toxigenic  strains  these  are  surrounded  by 
one  or  two  zones  of  hemolysis  on  blood  agar  and  by  a  lustrous  precipi¬ 
tation  zone  on  bile  agar. 

In  order  to  determine  the  thermostability  of  strains  of  Cl.  per- 
frlngens  types  A  and  P,  portions  of  1  ml  of  suspensions  of  foodstuffs, 
feces,  or  Intestinal  contents  are  poured  Into  4  test-tubes  containing 
a  liquid  nutritive  medium  (Weinberg's  medium,  casein-mushroom  hydroly- 
zate,  or  meat  broth  containing  a  piece  of  cotton)  and  0. 5#  glucose.  The 
first  tube  Is  heated  In  a  water  bath  at  100°  for  1  hr,  the  second  for 
2  hr,  the  third  for  3  hr,  and  the  fourth  for  4  hr.  The  tubes  are  then 
cooled  to  37°  and  incubated  In  a  heater.  The  growth  In  them  Is  observed 
over  a  period  of  10-15  days.  The  thermostability  of  the  spores  Is  ex¬ 
pressed  In  hours.  For  example,  if  growth  Is  observed  only  In  the  first 
tube,  the  thermostability  of  the  strain  is  1  hr,  if  growth  is  observed 
only  In  the  second  tube  it  is  2  hr,  etc. 

All  the  cultures  which  exhibit  intensive  growth  accompanied  by  gas 
formation  must  be  investigated.  Smears  are  prepared  from  mature  cul¬ 
tures,  Gram-stained,  and  examined  microscopically.  Those  cultures  in 
which  large  numbers  of  gram-positive  rods  similar  to  Cl.  perfringens 
are  found  are  checked  for  toxicity.  If  the  initial  anaerobic  cultures 
are  heavily  contaminated  with  common  microorganisms  the  strain  must  be 
purified  and  obtained  In  Isolated  colonies;  it  is  then  transferred  to 
a  liquid  medium  and  Its  toxlgenlcity  is  checked. 

The  strain  is  purified  by  transplanting  the  contaminated  culture 
to  a  solid  medium  (glucose-blood  agar, bile  agar,  Wllson-Blalr's  medium, 
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or  a  long  agar  column  prepared  by  Vcyon-Vinial's  method). 

In  order  to  determine  whether  the  strain  belongs  to  the  species 
Cl.  perfringens,  its  activity  with  respect  to  litmus  milk,  carbohy¬ 
drates,  and  gelatin  is  checked  (see  Table  72). 

The  toxicity  of  the  culture  fluids  obtained  fran  the  strain  is 
tested  before  and  after  activation  with  trypsin.  For  this  purpose  2  ml 
of  5 %  trypsin  is  added  to  2  ml  of  a  centrifugate  of  the  culture  and  the 
mixture  is  incubated  in  a  heater  at  37*  for  30  min. 

For  details  of  the  neutralization  reaction  with  inactivated  and 
trypsin-activated  culture  fluids  see  page  540. 

An  increase  in  the  toxicity  of  the  culture  fluid  after  treatment 
with  trypsin  (more  rapid  death  of  mice  or  enlargement  of  the  zone  of 
dermal  necrosis  in  guinea  pigs)  indicates  that  *  or  e  protoxins  are 
present;  these  can  be  identified  with  only  two  antitoxic  Bera,  types  D 
and  E.  The  type  to  which  the  strain  belongs  1b  determined  by  neutral¬ 
izing  its  toxins  with  antitoxic  sera.  Types  A,  D,  and  E  are  easily  iden¬ 
tified  in  this  manner.  Differentiation  of  strains  which  produce  p  tox¬ 
ins  (types  B,  C,  and  F)  requires  special  supplemental  methods  for  de¬ 
termining  spore  thermostability  and  the  agglutination  of  types  B  and 
F  (see  below). 

Many  strains  of  type  B  are  easily  differentiated  frcrn  types  C  and 
F  by  their  ability  to  produce  an  e  toxin.  In  contrast  to  type  F,  strain: 
of  types  B  and  C  do  not  have  thermostable  spores.  Finally,  it  must  be 
noted  that  agglutinative  B',*ra  of  types  B  and  F  agglutinate  and  preci¬ 
pitate  the  majority  of  strains  of  the  type  in  question. 

Diseases  caused  by  Cl.  perfringens  can  be  diagnosed  bacterlolog- 
ically  by  the  neutralization  reaction  more  rapidly  (within  3-5  hr)  if 
toxin  of  sufficient  strength  (no  less  than  10  MLD/fal  for  white  mice)  is 
detected  in  the  feces,  intestinal  contents,  or  peritoneal  fluid.  When 
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no  toxin  can  be  found  In  these  materials  complete  bacteriological  anal¬ 
ysis  for  Cl.  perfrlngens  requires  frcm  8  to  24  hr. 

The  following  accelerated  scheme  can  be  used  to  reduce  the  time 
and  work  Involved  In  the  analysis: 

1)  only  the  material  heated  at  80°  for  15  min  Is  cultured  on  lit¬ 
mus  milk  containing  0.5$  glucose,  which  permits  a  rough  determination 
of  Cl.  perfrlngens  within  a  few  hours  from  the  change  In  the  milk; 

2)  the  thermostability  of  the  Cl.  perfrlngens  spores  In  the  mater¬ 
ial  wider  Investigation  is  checked  by  boiling  1  ml  of  suspended  mater¬ 
ial  In  10  ml  of  litmus  milk  containing  0.5£  glucose  and  then  Incubat¬ 
ing  the  mixture  in  a  heater  at  37*1 

3)  thevhey  of  milk  clabbered  by  a  growing  culture  of  Cl.  perfrin- 
gens  Is  Investigated  for  toxicity  before  and  after  activation  with  tryp¬ 
sin; 

4)  the  neutralization  reaction  is  set  up  only  with  type  A  antitox¬ 
ic  serum,  since  the  majority  of  the  naturally  encountered  strains  of 
Cl.  perfrlngens  belong  to  this  type; 

5)  a  complete  study  is  made  only  of  those  strains  which  have  ther¬ 
mostable  spores  and  those  whose  toxins  are  not  neutralized  by  type  A 
serum. 

Cl.  perfrlngens  is  detected  in  the  external  environment  by  com¬ 
plete  or  accelerated  bacteriological  analysis  involving  Isolation  of 
pure  cultures,  determination  of  their  toxicity,  and  identification  of 
the  type  of  bacterium.  5 

In  order  to  determine  the  extent  to  which  water  and  various  liquids 
are  contaminated  with  spores  and  vegetative  cells  of  Cl.  perfrlngens 
successive  ten-fold  dilutions  are  made  up  from  the  liquid  under  inves¬ 
tigation  and  1  ml  of  each  dilution  is  cultured  in  9  ml  of  molten  Wil- 
son-Blair’s  agar  cooled  to  50°. 
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Solids  (soil,  foodstuffs,  etc.)  are  ground  In  a  mortar  with  one  or 
two  parts  of  physiological  solution,  ten-fold  dilutions  In  physiologi¬ 
cal  solution  are  made  up  frcm  the  resultant  suspension,  and  1  ml  of 
each  dilution  Is  cultured  on  the  same  media  and  In  the  same  order  as 
for  liquids. 

The  cultures  are  Incubated  In  a  heater  at  37*  for  24  hr. 

The  approximate  tltre  of  Cl.  perfrlngens  Is  determined  fran  the 
last  tube  containing  from  10  to  50  black  colonies  on  the  Wllson-Blalr 
medium.  The  number  of  colonies  In  this  tube  Is  multiplied  by  the  dilu¬ 
tion,  thus  obtaining  the  total  number  of  Cl.  perfrlngens  per  ml  or  g  of 
ciaterlal. 

Since  many  species  of  bacteria  may  alter  Wllson-Blalr’ a  medium. 

It  Is  necessary  to  Isolate  several  colonies,  check  the  morphology  of 
the  cells,  and  determine  the  behavior  of  Isolated  cultures  with  respect 
to  litmus  milk,  glucose,  galactose,  levulose,  lactose,  sucrose,  manni¬ 
tol,  and  dulcltol. 

Special  Investigative  techniques  for  determination  of  certain  types 
of  Cl.  perfrlngens.  In  food  poisonings  caused  by  Cl.  perfrlngens  type  A 
It  is  necessary  to  determine  the  spore  thermostability  of  strains  iso¬ 
lated  fran  foodstuffs  and  feces,  as  well  as  their  ability  to  produce 
leclthlnase  and  6  hemolysin. 

In  order  to  check  spore  thermostability  1  ml  of  fresh  culture  Is 
transferred  to  10  ml  of  a  liquid  medium  containing  pieces  of  marrow  or 
meat  (pH  8-8.2),  but  no  glucose.  A  day-old  culture  of  Cl.  perfrlngens 
raised  at  37°  1b  stored  for  5  cisys  at  20*  In  a  dark  place.  Smears  are 
prepared  frcm  the  cellular  detritus  and  examined  microscopically  for 
free  spores.  Cultures  containing  large  numbers  of  free  spores  are  sha¬ 
ken  and  1  ml  portions  are  transferred  to  4  test-tubes  containing  fresh 
medium  and  0.5$  glucose.  All  the  tubes  are  heated  In  a  water  bath  and 
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Incubated  in  the  manner  described  for  determination  of  spore  thermo¬ 
stability  in  samples  taken  from  patients. 

The  ability  of  the  strain  to  produce  lecithlnase  is  checked  by  re¬ 
acting  it  with  lecithovitellln  (a  solution  of  egg  yolk  in  physiolog¬ 
ical  solution)  and  in  a  hemolysis  reaction  with  mouse  or  human  erythro¬ 
cytes. 

The  simplest  method  for  qualitative  determination  of  lecithlnase 
is  to  culture  Cl.  perfringens  on  yolk  agar  (agar  containing  a  5#  emul¬ 
sion  of  egg  yolk  and  l£  glucose)  and  glucose-blood  agar.  The  Cl.  per- 

Irlngens  colonies,  which  produce  lecithlnase  in  yolk  agar,  are  sur- 
ounded  by  a  lustrous  precipitation  zone,  while  on  blood  agar  they  are 
surrounded  by  a  zone  of  incomplete  hemolysis. 

For  quantitative  determination  of  lecithlnase  successively  decreas¬ 
ing  two-fold  dilutions  of  Cl.  perfringens  culture  fluid  are  made  up  in 
one-milliliter  portions  of  physiological  solution  containing  0.005  M  of 
calcium  chloride.  A  total  of  0.9  ml  of  the  culture  fluid  and  0.1  ml  of 
Cl.  perfringens  type  A  specific  diagnostic  serum  are  mixed  in  a  separate 
control  tube.  The  tubes  are  incubated  at  20°  for  40  min  and  0.2  ml  of 
lecithovitellln  (a  5#  emulsion  of  egg  yolk  in  physiological  solution 
and  0.005  M  calcium  chloride  heated  at  60°  for  20  min  and  filtered 
through  a  Zeltz  or  talc  filter  to  obtain  a  clear  opalescent  liquid)  is 
then  added  to  each  tube.  The  mixture  is  incubated  in  a  heater  at  37° 
for  2  hr.  If  the  liquid  becomes  cloudy  and  a  white  turbidity  foams  near 
the  surface,  the  control  reaction  being  negative,  lecithlnase  is  pre¬ 
sent.  The  last  test-fluid  dilution  which  decomposes  the  lecithovitellln 
is  the  lecithlnase  titre. 

It  is  convenient  to  use  the  following  method  for  lecithlnase  de- 
texminatlon  when  a  large  number  of  cultures  are  to  be  investigated. 

Yolk  agar  containing  0.005  M  calcium  chloride  is  made  up  and  poured 
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into  Petri  dishes  in  2  nan  layers.  After  the  agar  has  cooled  a  sterile 
metal  tube  with  a  pointed  end  and  an  outside  diameter  of  0.5  cn  is  used 
to  punch  symmetrically  arrayed  holes  in  it. 

For  this  purpose  the  dish  is  placed  on  a  drawing  and  the  holes  are 
made  to  correspond  to  circles  in  the  diagram.  The  wells  are  filled  with 
centrifugates  of  the  Cl.  perfrlngens  cultures  to  be  studied  and  are 
each  labeled  with  an  appropriate  numeral  or  letter.  The  dish  is  covered, 
placed  in  a  heater  for  2  hr,  and  then  left  to  stand  at  roan  temperature 
for  24  hr. 

The  leclthinase  activity  is  expressed  in  millimeters,  being  de¬ 
termined  from  the  extent  of  the  lustrous  precipitation  zone.  The  spe¬ 
cificity  of  the  reaction  can  be  checked  with  type  A  antitoxic  serum, 
which  is  preliminarily  added  to  the  agar  or  to  the  appropriate  wells. 

The  ability  of  Cl.  perfrlngens  to  produce  9  hemolysin  is  deter¬ 
mined  by  studying  cultures  raised  for  6-8  hr  in  a  liquid  medium  not 
containing  pieces  of  meat. 

The  successive  two-fold  dilutions  of  the  culture  fluid  under  in¬ 
vestigation  are  made  up  with  a  phosphate-chloride  buffer  (0.038  N  di- 
substituted  sodium  phosphate,  0.032  M  NaHgPO^HgO,  and  0.078  M  sodium 
chloride  at  pH  6.8)  containing  0.016  M  1-cysteine  hydrochloride.  The 
phosphates  are  added  to  suppress  the  action  of  the  leclthinase,  while 
the  cysteine  is  necessary  to  reduce  the  oxidized  9  hemolysin. 

The  test-tubes  containing  the  various  dilutions  are  kept  at  37° 
for  25  min  to  reduce  the  9  hemolysin  and  0.2  ml  of  a  5%  suspension  of 
horse  erythrocytes  in  physiological  solution  is  then  added  to  each 
tube.  The  9-hemolysin  tltre  is  established  from  the  dilution  of  the 
tent  fluid  caused  by  lysis  of  approximately  half  the  horse  erythrocytes 
(as  determined  from  the  erythrocyte  sediment  on  the  bottan  of  the  tube). 

In  order  to  differentiate  Cl.  perfrlngens  types  B,  C,  and  F,  which 
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produce  the  lethal,  necrotic  p  toxin,  it  la  necessary  to  determine  the 
thermostability  of  their  spores  (type  P  forms  thermostable  spores)  and 
to  set  up  an  accelerated  agglutination  reaction  on  slides  and  a  preci¬ 
pitation  reaction  (in  test-tubes)  with  types  B  and  F  specific  agglutin¬ 
ative  (precipltative)  sera  prepared  in  the  diagnostic  laboratory  (see 
page  135). 

The  antigen  for  the  precipitation  reaction  is  prepared  by  boiling 
a  20-billion-cell  suspension  in  physiological  solution  or  by  decompos¬ 
ing  it  with  ultrasound  for  10  min. 

Before  it  is  overlayered  on  the  whole  serum  the  antigen  is  cen¬ 
trifuged  to  obtain  a  clear  liquid. 

Detection  of  any  lethal  Cl.  perfringens  toxin  in  feces,  intestinal 
contents,  or  peritoneal  fluid  in  the  presence  of  clinical  symptoms  of 
food  poisoning  must  be  regarded  as  proof  of  the  etiology  of  the  illnesB. 

When  direct  identification  of  the  toxin  is  Impossible,  detection 
of  any  highly  toxigenic  Cl.  perfringens  of  types  A,  B,  C,  D,  E  or  P  in 
foodstuffs,  vomitus,  or  other  materials  frcm  the  patient  or  cadaver  is 
of  great  diagnostic  value. 

Isolation  of  thermostable,  slightly  toxigenic  strains  of  type  A 
from  foodstuffs  or  specimens  from  patients  must  be  regarded  as  proof 
that  these  bacteria  are  the  etiological  factor  in  the  infection  when 
analyses  for  other  pathogenic  microorganisms  (Salmonella,  Staphylococci, 
Cl.  botulinum,  etc.)  are  negative. 

BOTULISM 

Prof.  K.I.  Matveyev,  T.I.  Bulatova,  Candidate  of  Medical  Sciences, 

T.I.  Sergeyeva,  Candidate  of  Medical  Sciences,  N.N.  Sltnlkova,  and 
V.A.  Sidorova 

Botulism  (from  the  Latin  botulus,  or  sausage),  or  sausage  poison¬ 
ing,  is  a  special  form  of  food  poisoning  etiologically  associated  with 
sporogenic  anaerobic  bacteria. 
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Cases  of  botulism  in  the  USSR  now  develop  almost  exclusively  as  a 
result  of  consumption  of  home-canned  foodstuffs  (fish,  ham,  etc.).  In 
the  Baltic  republics,  the  Ukrainian  SSR,  and  the  Byelorussian  SSR  bot¬ 
ulism  is  most  frequently  caused  by  pork  ~—wage  and  ham,  w*i±ie  in  the 
Caspian  and  Azov  regions  it  most  often  results  frcm  home-salted  and 

r 

! 

hone-cured  red-meat  fish  (sturgeon,  white  sturgeon,  and  starred  stur-  \ 

geon).  Outbreaks  of  botulism  caused  by  consumption  of  salted  Baykal  f 

/ 

% 

whitefish  are  observed  in  the  Baykal  region  and  other  areas  of  Siberia.  * 

* 
r  ■ 

Outbreaks  have  occurred  in  the  northern  and  fajveastem  regions  as  a 
nsult  of  consumption  of  canned  fish,  particularly  flounder. 

Commercially  canned  meats,  fish,  and  vegetables  rarely  cause  botu¬ 
lism,  but  their  production  and  distribution  should  be  carried  out  under 
strict  sanitary  inspection. 

Botulism  is  a  food  poisoning  caused  by  botuliBm  bacteria  and  their 
toxins.  A  total  of  6  types  of  botulism  bacteria  are  now  known:  Cl.  bot- 
ulinum  types  A,  B,  C,  D,  E,  and  F.  Types  A,  B,  and  E  are  of  the  great¬ 
est  significance  in  human  pathology  in  the  Soviet  Union.  Type  C  has 
been  detected  in  the  soil  and  in  botulism  of  mink  in  the  USSR. 

Morphology  of  Cl.  botulinum 

The  causative  agents  of  botulism  are  small  rods  from  4  to  9  p. 
long  and  from  0.6  to  0.8  p,  wide,  with  rounded  ends,  which  form  subter¬ 
minal  or  terminal  spores;  spore-bearing  bacteria  resemble  tennis  rack¬ 
ets  (Pigs.  39*  40,  and  4l).  The  bacteria  in  young  cultures  are  gram¬ 
positive,  while  gram-negative  specimens  predominate  in  smears  prepared 
frcm  older  cultures.  The  rods  are  mobile  and  have  from  4  to  35  flagella 
arrayed  over  the  entire  surface  of  the  cell  (are  peritrichal;  Pigs.  42 
and  43).  Their  mobility  is  rapidly  attenuated  when  they  are  exposed  to 
air.  Cl.  botulinum  does  not  form  capsules. 
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Fig.  39.  Cl.  botullnum  A  in  a  48-hr  culture 
on  agar  containing  rabbit  blood,  x  1900. 


Biology  of  Cl.  botullnum;  culturing  properties 

The  causative  agents  of  botulism  are  strict  anaerobes.  In  special 
liquid  nutritive  media  their  growth  Is  sometimes,  although  not  always, 
accompanied  by  development  of  turbidity  and  formation  of  gas;  the  cul¬ 
ture  gives  off  an  odor  of  rancid  butter.  The  optimum  growth  temperature 
for  types  A,  B,  C,  and  D  is  35°,  while  that  for  types  E  and  P  is  28-30°. 

When  cultured  In  long  agar  columns  Cl.  botullnum  forms  lentiform 
colonies  or  colonies  resembling  balls  of  cotton  with  thickened  centers 
(Pig.  44).  When  cultured  on  blood  agar  it  produces  clear  colonies  with 
a  diameter  of  several  millimeters,  smooth  or  serrate  edges,  and  a  lus¬ 
trous  surface,  which  are  surrounded  by  zones  of  hemolysis  (Pigs.  45, 

46,  and  47).  Cultures  can  be  raised  on  Petri  dishes  In  anaerostatic 
equipment,  after  the  oxygen  has  been  removed  by  physical  or  chemical 
means. 

When  transferred  to  sugar-containing  media  fresh  cultures  of  Cl. 
botullnum  may  ferment  glucose,  levulose,  fructose,  maltose,  dextrin. 
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Pig.  40.  Cl.  botulinum  E  in  48-hr  broth 
culture,  x  1800. 


Fig.  41.  Cl.  botulinum  B  in  6-day  culture 
on  liver  agar,  x  1800. 


salicin,  adonitol,  and  Inositol  to  form  gas  and  acid,  but  do  not  decom¬ 
pose  galactose,  sucrose,  dulcltol,  mannitol,  arabinose,  or  rhamnose; 
these  characteristics  are,  however,  very  unstable  and  cannot  be  used  as 
a  basis  for  identifying  Cl.  botulinum  or  for  differentiating  its  indi¬ 
vidual  types. 

Cl.  botulinum  types  A  and  B  have  strong  proteolytic  properties  and 
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Pig.  42.  Cl.  botulinum  A  In  two-day  broth  culture.  Flagella  visible. 
Electron-microscopic  photograph,  x  11,500. 


Fig.  43.  Cl.  botulinum  B.  Fla¬ 
gella  visible.  Stained  by  Lev¬ 
inson's  method,  x  1800  (after 
Weinberg,  Nativel,  and  Prevo, 
1937). 


liquefy  pieces  cf  liver  or  ground  meat  in  media  of  the  Tarocci  type. 
Type  F  has  less  pronounced  proteolytic  abilities,  while  types  C,  D,  and 
B  are  capable  of  only  weak  proteolysis  (Table  43). 
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Pig.  44.  Flaky  and  lentifonn  colonies  of 
Cl.  botulinum  B  in  agar  column.  Day-old 
culture,  x  2. 


Fig.  45.  Smooth  form  of  Cl.  botulinum 
A  colonies  on  agar  containing  rabbit 
blood  and  glucose.  Three-day  culture, 
x  8. 


Toxin  formation 

Under  anaerobic  conditions  Cl.  botulinum  produces  powerful  toxins 
In  various  canned  foodstuffs,  forage,  the  human  body,  animals,  and  ar¬ 
tificial  nutritive  media. 

The  toxins  of  Cl.  botulinum  are  quite  resistant  to  external  influ¬ 
ences  (temperature,  light,  pH,  agitation,  concentrations  01  various 
salts,  etc.).  They  break  down  when  boiled  for  10-15  min.  Toxin-contain¬ 
ing  material  must  be  stored  in  darkness  at  4-5*. 

The  proteolytic  e:u.yme.'>  o:  thu  gastrointestinal  tract  (pepsin  and 


Pig.  46.  Rough  form  of  Cl.  botu- 
llnum  B  colonies  on  liver  agar. 

Two-day  culture,  x  16. 

trypsin)  do  not  decompose  types  A,  B,  C,  D  and  P  toxins  and  greatly  In¬ 
tensify  the  activity  of  type  E  toxin.  This  Is  due  to  the  fact  that  Cl. 
botullnum  produces  prototoxin  In  large  quantities  and  toxin  In  smaller 
quantities.  The  prototoxin  Is  activated  by  pancreatine  and  trypsin,  as 
well  as  byCl.  aporogenes  protease,  so  that  high-strength  toxins  neu- 
tralizable  with  specific  serum  are  obtained  from  weakly  toxic  filtrates. 
Resistance  to  physical  and  chemical  agents 

Cl.  botullnum  occurs  widely  in  nature.  This  bacterium  consistently 
Inhabits  the  soil,  whence  It  enters  water,  fresh  fruits  and  vegetables, 
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Fig.  47.  Colonies  of  Cl.  botullnum  E  on 
liver  agar.  Two-day  culture,  x  16. 

TABLE  43 

Saccharolytlc  and  Proteolytic  Characteristics  of  Cl. 
botullnum  Types  A,  B,  C,  D,  E,  and  F 


1  HlMMtWMRM  *'  )  ftf  T  pa  T  J 

3  )Kc^rrnHa . 

4  Bt.TOK . 

5  Jlanaycoiioe  moioko  .  . 

•  r.iKwoja . 

7  r«.11KTO» . 

•  .TjKTOJ* . 

•  Jlny.mi . 

*®  Muvroi*  . 

11  Mihmkt . 

13  Ayakuirr . 

13  ♦pyrroji  . 

M  T .muf p«H  . 

,S  Ca.IMUNH . 

18  A(KcrpMN 

17  CcpoaoxopoA  . 


2  Tan  Cl.  botullnum 

A  ~  j  Z  j 


Symbols:  leg)  Forms  acid  and  gas;  (kg))  not  all 
ItraTns  form  acid  and  gas;  +)  liquefaction  or  pep¬ 
tonization,  positive  reaction,  -)  no  liquefaction 
or  peptonization;  (+)  slow  or  Irregular  reaction. 

I)  Substrate;  2)  type  of  Cl.  botullnum;  3)  gelatin;  4)  protein;  5)  lit¬ 
mus  milk;  6)  glucose;  7)  galactose;  8)  lactose;  9)  levulose:  10)  maltose; 

II)  mannitol;  12)  duicltol;  13)  fructose;  14)  glycerine;  15)  salicln; 

16)  dextrin;  17)  hydrogen  sulfide;  18)  kg. 
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foodstuffs,  and  forage  and  thus  the  Intestines  of  humans  and  animals, 
birds  and  fish,  where  it  multiplies. 

In  soil,  artificial  media,  foodstuffs,  and  fodder  the  causative 
agent  of  botulism  forms  spores  resistant  to  chemical  and  physical  agents. 
These  may  remain  viable  for  decades  when  dried.  When  conditions  are  fa¬ 
vorable  the  spores  germinate  and  the  bacteria  multiply  and  produce  tox¬ 
in. 

The  spores  of  Cl.  botulinum  can  withstand  very  low  temperatures, 
surviving  even  at  -190*.  They  easily  endure  a  temperature  of  -16*  for 
a  year,  although  some  of  the  spores  break  down  and  release  their  toxin; 
foodstuffs  containing  large  numbers  of  spores  may  consequently  be  poi¬ 
sonous  after  freezing. 

The  resistance  of  spores  to  high  temperature  is  very  great  and  de¬ 
pends  on  the  composition  of  the  substrate;  they  are  far  more  resistant 
in  substrates  containing  considerable  quantities  of  fat  than  in  fat- 
poor  substrates. 

The  spores  of  Cl.  botulinum  are  also  very  resistant  to  various 
chemical  bactericides;  10#  hydrochloric  acid  requires  an  hour  to  kill 
them  at  room  temperature,  while  40#  formalin  diluted  to  1:2  requires  24 
hr  and  they  may  remain  viable  in  ethyl  alcohol  for  2  months. 

Laboratory  Diagnosis  of  Botulism 

Investigation  of  the  patient 's  excreta  and  the  foods  which  he  has 
eaten  is  intended  to  establish  the  type  of  Cl.  botulinum  causing  the 
illness,  to  confirm  the  clinical  diagnosis,  and  to  permit  prescription 
of  proper  therapy. 

Material  for  examination;  taking  of  samples 

The  fluid  obtained  by  gastric  lavage  and  the  patient's  vomitus, 
blood,  and  feces  are  examined  in  all  illnesses  with  symptoms  character¬ 
istic  of  botulism. 
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Blood  must  be  taken  before  the  patient  la  given  therapeutic  serum, 
6-8  ml  being  drawn  off  from  a  vein  Into  a  sterile  test-tube.  The  blood 


can  be  mixed  with  4#  sodium  citrate  in  a  ratio  of  3 si* 

A  total  of  50-100  ml  of  lavage  water  and  50-60  g  of  feces  are  col¬ 
lected  In  glass  Jars  sealed  with  rubber  or  cork  stoppers;  preservatives 
should  not  be  added.  The  material  to  be  examined  must  be  stored  In  a  re¬ 
frigerator,  since  botulln  toxin  decomposes  at  room  temperature. 

Pieces  of  the  liver  weighing  50-60  g,  segments  of  the  small  Intes¬ 
tine,  and  the  stomach  and  Its  contents  are  taken  from  cadavers  for  ex¬ 
amination.  When  there  Is  a  suspicion  that  botulln  toxin  has  entered 
through  the  respiratory  passages  50-60  g  of  the  lungs,  the  liver,  and 
8-10  ml  of  blood  must  be  taken  from  the  cadaver  for  Investigation.  Or¬ 
gan  samples  are  taken  under  sterile  conditions;  the  surface  of  the  or¬ 
gan  Is  cauterized  with  a  red-hot  spatula  and  pieces  are  then  cut  from 
Its  interior  with  sterile  scissors.  The  specimens  from  each  organ  are 
placed  in  separate  Jars,  which  are  sealed  with  stoppers  or  lids. 

Various  canned  foods  are  Investigated  to  detect  Cl.  botullnum  and 
Its  toxins:  l)  raw  materials  are  checked  to  be  certain  ihat  they  are 
safe  for  preparation  of  canned  products.  If  they  are  found  to  be  Infect¬ 
ed  with  Cl.  botullnum  their  use  for  preparation  of  canned  goods  Is  pro¬ 
hibited;  2)  the  output  of  enterprises  producing  canned  meats,  fish,  and 
vegetables  Is  checked  In  accordance  with  the  Instructions  for  bacterio¬ 
logical  checking  of  Industrial  processes  in  the  preparation  of  canned 
meats,  meat -vegetable  products,  vegetables,  and  fish  prepared  by  the 
Scientific  Research  Institute  of  the  Canning  Industry  and  adopted  by 
the  State  Sanitary  Inspection  Commission  USSR  in  1951;  3)  products  In 
storv  and  restaurants  and  leftovers  are  investigated  for  Cl.  botullnum, 
as  well  as  for  Salmonella,  Staphylococci,  and  the  Cl.  perfrlngens  group. 
In  all  cases  of  food  poisoning  with  symptoms  resembling  these  of  botu- 
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llsm,  even  mild  forms,  and  in  all  oases  of  severe  food  poisoning. 

It  must  be  kept  in  mind  that  poisonous  foodstuffs  contaminated  with 
Cl.  botullnum  often  remain  unchanged  in  appearance,  odor,  and  taste. 

The  specific  odor  of  rancid  butter  is  sometimes  noted  and  the  cans  con¬ 
taining  the  goods  may  be  burst. 

The  material  to  be  examined  Is  collected  under  sterile  conditions 
In  a  glass  jar,  which  is  sealed  with  a  tightly -fitted  glass,  rubber,  or 
cork  stopper  or  a  screw-on  lid.  Solids  can  be  wrapped  In  several  layers 
of  waxed  or  parchment  paper  for  shipment. 

When  sterile  vessels  are  not  available  the  samples  can  be  collected 
In  any  Jars  which  have  been  preliminarily  boiled  for  15  min.  No  less 
than  100  g  of  material  should  be  taken  for  examination  and,  when  possi¬ 
ble,  several  samples  should  be  taken  from  different  areas. 

When  It  Is  Impossible  to  collect  the  recommended  amount  of  mater¬ 
ial  smaller  samples  can  be  taken  .  Preservatives  should  not  be  added  to 
the  specimens. 

Labels  are  pasted  onto  the  samples  and  they  are  numbered,  sealed, 
and  carefully  packed.  The  material  Is  shipped  as  soon  as  possible  and 
kept  under  refrigeration  at  the  laboratory  until  It  is  examined,  since 
If  It  contains  botulin  toxin  the  latter  may  decompose  at  room  tempera¬ 
ture. 

Bacteriological  examination 

Samples  received  at  the  laboratory  are  simultaneously  Investigated 
for  botulin  toxins  and  Cl.  botullnum,  as  well  as  for  bacteria  of  the  Cl. 
perfringens  group  (see  page  536). 

‘  Detection  of  botulin  toxins.  Pieces  of  food  In  fluids  obtained  by 
gastric  lavage  are  ground  In  a  sterile  mortar.  Two-thirds  of  this  ground 
sample  Is  used  for  detection  of  botulin  toxins  and  one-third  for  Isola¬ 
tion  of  Cl.  botullnum. 
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The  first  portion  of  the  ground  sample  Is  left  to  stand  at  room 
temperature  for  1  hr  to  permit  extraction.  The  extract  Is  then  filtered 
through  a  cotton-gauze  filter  or  centrifuged  at  3000  rpm  for  15-20  min. 
The  filtrate  or  centrifugate  thus  obtained  Is  used  to  set  up  a  neutral¬ 
ization  reaction. 

Cltrated  blood  or  undiluted  blood  serum  Is  investigated  for  botu- 
lin  toxins  with  the  neutralization  reaction;  cltrated  blood  can  only  be 
administered  intraperitonea lly  to  mice. 

In  order  to  detect  toxins  In  the  patient's  feces  a  sample  of  10- 
li  g  is  taken,  ground  in  a  sterile  mortar  with  two  parts  of  physiologi¬ 
cal  solution,  and  left  to  stand  at  room  temperature  fcr  l-l£  hr  to  per¬ 
mit  extraction  of  the  toxin.  The  liquid  Is  then  filtered  through  a  cot- 
ton-gauze  filter  or  centrifuged  and  used  to  set  up  a  neutralization  re¬ 
action.  Extracts  of  cadaver  organs  are  prepared  In  the  same  manner. 

Neutralization  reaction.  Detect lcn  of  toxins  Is  carried  out  with 
4  mice  weighing  16-18  g.  Since  the  material  under  Investigation  may 
contain  any  one  of  the  four  known  types  of  botulin  toxin,  a  preliminary 
reaction  must  be  conducted  with  a  mixture  of  types  A,  B,  C,  and  E  anti- 
botulin  diagnostic  sera. 

Doses  of  0.5-0. 8  ml  of  the  filtrate  or  centrifugate  to  be  studied 
are  administered  lntraperltoneally  or  intravenously  (in  the  caudal  vein; 
centrifugates  can  be  administered  only  intravenously)  to  two  mice.  An¬ 
other  pair  of  mice  receives  a  mixture  consisting  of  0. 5-0.8  ml  of  the 
material  under  investigation  and  0.2  ml  of  a  mixture  of  types  A,  B,  C, 
and  E  monovalent  antibotulin  diagnostic  sera  (0.05  ml  of  each  type  of 
serum).  Dry  typospecific  diagnostic  sera,  whose  titre  is  no  less  than 
1000  units  per  ml  for  each  type,  are  produced  for  this  purpose. 

Before  administration  the  mixture  of  material  and  sera  is  left  to 
stand  at  room  temperature  for  30  min.  The  quantities  of  material  admin- 
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lstered  with  and  without  serum  should  be  Identical.  The  animals  are  ob¬ 
served  for  4  days,  but  If  they  become  111  or  die  before  this  period  has 
elapsed  a  neutralization  reaction  Is  set  up  with  monovalent  sera.  When 
botulln  toxin  Is  present  the  two  mice  which  received  the  filtrate  but 
no  sera  die,  while  the  other  two  mice  survive. 

The  pattern  of  Illness  and  death  Is  usually  very  characteristic: 
accelerated  respiration,  complete  muscular  relaxation,  retraction  of  the 
abdominal  muscles  ("wasp  waist"),  paralysis,  and  agonal  convulsions. 

When  all  four  mice,  i.e.,  those  which  received  the  filtrate  with 
and  without  serum,  die  It  Is  necessary  to  repeat  the  neutralization  re¬ 
action  with  extracts  diluted  5,  10,  20,  and  even  100  times. 

Guinea  pigs  can  be  used  instead  of  mice  in  this  experiment.  One 
guinea  pig  Is  given  0.5  ml  of  the  mixture  of  A,  B,  C,  and  £  sera  and 
3  ml  of  the  filtrate  (or  centrifugate)  under  investigation  subcutaneous¬ 
ly  or  lntraperitoneally,  while  the  control  guinea  pig  is  given  3  ml  of 
the  material  to  be  tested. 

When  botulln  toxin  is  detected  In  this  experiment  an  expanded  neu¬ 
tralization  reaction  is  immediately  set  up  with  typospecific  diagnostic 
sera  to  determine  the  type  of  toxin.  Portions  of  2.4  ml  of  the  filtrate 
to  be  studied  are  poured  into  5  test-tubes  and  0.6  ml  of  serum  is  added 

to  each  tube,  type  A  to  tube  No.  1,  type  B  to  tube  No.  2,  type  C  to 

tube  No.  3$  and  type  E  to  tube  No.  4;  0.6  ml  of  physiological  solution 
Is  added  to  tube  No.  5-  After  the  mixture  has  been  left  to  stand  for  30 

min  at  room  temperature  portions  of  1  ml  from  each  test-tube  are  admin¬ 

istered  Intravenously  or  lntraperitoneally  to  2  mice. 

A  separate  syringe  is  used  for  each  serum.  The  results  are  eval¬ 
uated  after  4-6  hr,  24  hr,  and  4  days.  When  botulln  toxin  is  present 
the  mice  which  received  the  mixture  of  toxin  and  homologous  serum  sur¬ 
vive,  while  the  other  mice  die.  The  type  of  serum  which  neutralizes  the 
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toxin  indicates  the  type  of  toxin. 


For  example,  when  all  the  mice  except  those  given  the  contents  of 
test-tube  No.  2  die,  the  material  under  investigation  contains  B  toxin. 

Detection  of  Cl.  botulinum.  In  order  to  detect  Cl.  botulinum  cul¬ 
tures  are  made  in  liquid  nutritive  media.  It  is  best  to  use  casein- 
mushroom  medium,  Hottinger's  broth,  or  pepsin-peptone  broth  containing 
0.5#  glucose  (see  media  for  anaerobes)  for  the  primary  cultures.  The  pH 
should  be  between  7*2  and  7*4.  It  is  necessary  that  meat  media  contain 
ground  meat  or  liver  and  that  casein-mushroom  medium  contain  boiled  mil¬ 
let  and  cotton. 

Pepsin-peptone  medium  is  most  suitable  for  isolating  Cl.  botulinum 
types  A  and  B,  while  Hottinger’s  broth  is  best  for  isolating  types  C 
and  E.  All  the  types  of  Cl.  botulinum  grow  well  and  produce  quite  strong 
toxins  on  casein-mushroom  medium. 

Cultures  are  made  in  100-200  ml  flasks.  Into  which  a  layer  of  vase¬ 
line  oil  1  cm  thick  is  poured.  When  only  meat  media  are  available  in 
the  laboratory  the  materials  to  be  studied  are  cultured  in  2  flasks 
containing  peps In -peptone  medium  and  2  flasks  containing  Hottinger’s 
broth.  The  media  are  heated  in  a  boiling-water  bath  for  20  min,  quickly 
cooled,  and  Inoculated. 

After  inoculation  one  flask  containing  each  medium  is  heated  in  a 
water  bath  at  80*  for  20  min  to  free  it  of  extraneous  asporogenic  mi¬ 
croorganisms  . 

If  case in -mushroom  medium  is  available  the  material  is  cultured  in 
2  flasks,  one  of  which  is  heated  after  Inoculation. 

All  the  flasks  are  incubated  In  a  heater  at  35-37*.  If  Cl.  botuli¬ 
num  type  E  is  detected  during  the  investigation  further  culturing  must 
be  carried  out  at  28*,  the  optimum  temperature  for  this  type. 

If  the  Cl.  botulinum  in  the  material  under  investigation  is  pre- 
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dominantly  In  the  vegetative  form  the  majority  of  the  growth  will  be  In 
the  unheated  flasks,  while  If  the  material  contains  spores  growth  will 
be  observed  In  the  heated  flasks,  permitting  Immediate  Isolation  of  a 
pure  culture  In  some  oases.  After  oulturlng  all  the  Initial  specimens 
must  be  stored  In  a  refrigerator  until  the  Investigation  Is  terminated. 
The  cultures  are  examined  for  Cl.  botulinum  after  48  hr. 

The  growth  of  Cl.  botulinum  Is  sometimes  characterized  by  Inten¬ 
sive  gas  formation  and  proteolysis  of  pieces  of  liver  or  ground  meat; 
these  characteristics  are,  however,  not  consistent  and  gas  formation 
and  proteolysis  may  be  absent  in  certain  media.  Samples  (10-15  ml)  ta¬ 
ken  from  such  flasks  under  sterile  conditions  are  investigated  by  pre¬ 
paring  smears,  staining  them  by  Oram's  method  or  with  anaerobic  stains, 
and  examining  them  microscopically. 

A  neutralization  reaction  is  set  up  with  the  culture  fluid  and 
polyvalent  antibotulin  serum  of  types  A,  B,  C  and  £.  When  positive  re¬ 
sults  are  obtained  a  neutralization  reaction  is  set  up  with  each  Indi¬ 
vidual  serum.  If  no  growth  is  noted  In  the  flasks  after  2  days  incuba¬ 
tion  must  be  prolonged  and  the  investigation  is  repeated  after  4,  6, 
and  10  days.  When  rods  with  the  morphology  typical  of  Cl.  botulinum  or 
botulinum  toxin  Is  detected  in  the  culture  under  study  it  is  concluded 
that  the  material  is  contaminated  with  this  microorganism.  A  pure  cul¬ 
ture  need  not  be  Isolated  in  such  cases. 

If  bacteria  with  a  morphology  similsr  to  that  of  Cl.  botulinum  are 
detected  in  the  cultures  but  they  contain  no  toxin,  the  culture  fluid 
must  be  activated  with  pancreatine  or  trypsin  by  the  method  described 
on  page  566;  this  permits  detection  of  type  E  botulin  toxin  and  iso¬ 
lation  and  study  of  a  pure  culture. 

Pood  samples  received  at  the  laboratory  should  be  examined  for 
botulin  toxin  and  Cl.  botulinum. 
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The  samples  should  also  be  Investigated  for  bacteria  of  the  Cl. 
perfrlngens  group  and  other  anaerobes. 

A  portion  of  25-30  g  of  the  product  to  be  examined  Is  carefully 
ground  In  a  sterile  mortar  with  physiological  solution  or  with  dis¬ 
tilled  water  if  It  Is  salted  (the  material  Is  easier  to  grind  If  ster¬ 
ile  quartz  sand  Is  added).  One  or  two  parts  by  weight  of  physiological 
solution  or  distilled  water  are  used,  depending  on  the  character  (den¬ 
sity)  of  the  product. 

A  total  of  2/3  of  the  ground  sample  Is  used  for  detection  of  botu- 
lln  toxins,  while  1/3  is  used  for  Isolation  of  Cl.  botullnum. 

The  portion  to  be  Investigated  for  toxins  Is  left  to  stand  at  room 
temperature  for  1-2  hr  to  permit  extraction  of  the  toxins  and  then  fil¬ 
tered  through  a  cotton-gauze  filter  or  centrifuged  at  2500-3000  rpm  for 
30  min.  Filtration  through  a  talc  filter  Is  Impermissible,  since  talc 
adsorbs  botulln  toxins. 

A  toxln-neutrallzation  reaction  Is  set  up  with  the  filtrates  or 
centrifugates  thus  obtained  and  antitoxic  serum,  using  the  method  des¬ 
cribed  above. 

Cl.  botullnum  Is  detected  In  foodstuffs  by  the  method  described  in 
the  section  on  Investigation  of  specimens  from  patients.  Portions  of  5- 
10  ml  of  the  material  under  Investigation,  which  Is  ground  with  physio¬ 
logical  solution  or  distilled  water,  are  cultured  In  flasks  containing 
a  nutritive  medium. 

Culturing  in  long  agar  columns.  Clear  l£  agar  containing  glucose, 
which  is  prepared  in  Martin's  broth,  Hottinger's  broth,  or  pepsin-pep¬ 
tone  broth  and  poured  into  test-tubes  0.8  cm  In  diameter  and  15-18  cm 
long,  is  used  for  culturing.  Before  Inoculation  the  agar  Is  melted  and 
cooled  to  45-50*.  The  tip  of  a  Pasteur  pipette  Is  Immersed  in  the  ma¬ 
terial,  taking  care  not  to  chip  the  pipette,  and  successively  trans- 
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ferred  from  tube  to  tube;  the  agar  is  then  thoroughly  mixed  by  rolling 
the  tubes  between  the  palms.  The  cooled,  inoculated  tubes  are  Incubated 
in  a  heater  at  35-37**  A  total  of  5-8  agar  columns  is  used  for  each 
culture.  Zf  the  growth  in  the  initial  culture  is  not  very  profuse  the 
Pasteur  pipette  must  be  broken  and  a  little  of  the  culture  taken  up  in 
the  capillary;  inoculation  is  then  carried  out  in  the  manner  described 
above. 

If  the  initial  culture  contains  a  massive  growth  of  extraneous  mi¬ 
croorganisms  and  few  typical  spore -bearing  botulln  rods  it  is  necessary 
to  transfer  5-10  ml  of  the  culture  to  a  test-tube  and  heat  it  in  a  water 
bath  at  80*  for  20  min.  It  is’  then  recultured  in  the  agar  columns. 

Colonies  resembling  pieces  of  cotton,  flakes  with  thickened  cen¬ 
ters,  or  regular  lentiform  disks  appear  in  the  test-tubes  after  1-2 
days.  Suspicious  colonies  are  transferred  to  a  liquid  or  semlllquld  nu¬ 
tritive  medium  containing  0.5J<  glucose  under  a  layer  of  vaseline  oil  in 
test-tubes.  The  remainder  of  the  colonies  are  examined  microscopically. 

There  are  two  methods  for  transferring  the  colonies  from  the  test- 
tubes. 

1.  The  agar  column  Is  punctured  from  the  top  with  a  Pasteur  pipette 
with  a  broken  tip  and  the  desired  colony  is  removed. 

2.  The  bottom  of  the  tube  containing  the  agar  column  is  slightly 
heated  in  a  Bunsen-burner  flame;  the  vapor  produced  by  the  boiling  li¬ 
quid  forces  the  agar  out  into  a  sterile  Petri  dish. 

The  auspicious  colony  is  removed  with  a  Pasteur  pipette  with  a 
broken  tip. 

The  oulture  raised  frcm  the  colonies  in  the  liquid  medium  is  ex¬ 
amined  microscopically  and  checked  for  toxin  by  setting  up  a  neutral¬ 
ization  reaction  in  mice. 


Culturing  on  dishes.  A  drop  of  the  liquid  under  investigation  is 
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applied  to  a  thin  layer  of  sugar-blood  or  liver  agar  in  a  Petri  dish, 
gently  rubbed  into  the  agar  with  a  spatula,  and  successively  transferred 
to  2-3  other  dishes.  The  dishes  are  placed  right  side  up  in  a  mlcroan- 
aerostat  (of  any  available  brand)  and  incubated  at  35-37** 

In  order  to  maintain  a  complete  vacuum  an  open  Petri  dish  contain¬ 
ing  an  alkaline  solution  of  pyrogallol  is  placed  on  the  bottom  of  the 
microanaerostat.  After  24  hr  the  Cl.  botullnum  colonies  appear  as  clear 
smoky -gray  drops  0.1-0. 2  cm  in  diameter,  surrounded  by  zones  of  hemoly¬ 
sis. 

When  anaerostatlc  equipment  is  not  available  anaerobes  can  be 

raised  by  the  dish  method,  in  which  air  is  simply  excluded  from  the  nu¬ 

tritive  agar;  the  Inoculated,  slightly  cooled  agar  is  poured  into  the 
lid  of  a  sterile  Petri  dish  and  the  other  half  of  the  dish  is  placed  on 
it  (without  permitting  it  to  solidify)  in  such  fashion  that  the  bottom 
of  the  dish  presses  tightly  against  the  surface  of  the  agar.  The  edge 
of  the  dish  can  be  flooded  with  paraffin.  In  this  technique  the  surface 

of  the  glass  is  in  close  contact  with  the  entire  surface  of  the  agar, 

thus  creating  conditions  favorable  for  growth  of  the  strictest  anaerobes 
in  the  agar  layer  between  the  two  pieces  of  glass. 

Colonies  raised  in  this  manner  are  examined  with  a  magnifying 
glass  or  a  MBS-1  stereoscopic  microscope.  Sane  of  the  colonies  are  used 
to  prepare  smears,  which  are  examined  microscopically. 

The  colonies  are  removed  from  the  surface  of  the  medium  with  a 
loop  or  Pasteur  pipette  and  transferred  to  test-tubes  containing  broth 
and  0.5#  glucose.  The  cultures  thus  produced  are  checked  for  purity 
by  microscopic  examination  and  for  toxins  by  titration  and  by  setting 
up  a  neutralization  reaction  in  mice. 

Their  proteolytic  and  biochemical  characteristics  are  also  studied 
(see  Table  43)* 
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Activation  of  Cl.  botullnum  type  B  prototoxin.  Cultures  of  Cl.  bot¬ 
ullnum  type  B  produce  a  prototoxin,  which  Is  of  itself  not  toxic  to  an- 
Inals  when  administered  Intravenously  or  suboutaneously. 

Activation  with  proteolytic  enzymes,  trypsin  or  pancreatine.  Is 
consequently  employed  to  detect  this  prototoxin. 

Preparation  of  proteolytic  enzymes.  Pure  dry  trypsin  is  dissolved 
in  physiological  solution  in  a  ratio  of  1:100  (initial  solution)  before 
use.  For  activation  this  solution  is  taken  in  a  concentration  of  0.5 % 
with  respect  to  the  total  volume  of  culture  fluid  to  be  activated. 

The  trypsin  can  be  replaced  by  dry  high-activity  (no  less  than 
50  units)  medical  pancreatine,  4  g  of  which  is  dissolved  in  100  ml  of 
physiological  solution  and  left  to  stand  in  a  refrigerator  at  4*  over¬ 
night. 

Before  use  the  liquid  thus  obtained  is  filtered  through  a  dense 
paper  filter  and  then  through  a  sterilized  Zeltz  filter  to  produce  a 
clear  opalescent  liquid. 

A  dose  of  0.5  ml  of  the  final  solution  should  not  kill  a  white 
mouse  weighing  17-18  g  when  administered  Intravenously.  When  0.2  ml  of 
this  solution  is  administered  lntracutaneously  to  a  guinea  pig  it  usual¬ 
ly  causes  dermal  necrosis  (over  an  area  of  0.5  x  0.5  cm). 

The  activity  of  the  preparation  must  be  preliminarily  checked  with 
a  standard  strain  of  Cl.  botullnum  type  E. 

The  final  pancreatine  solution  can  be  stored  at  4*  for  2  weeks. 

Activation  of  Cl.  botullnum  type  E  prototoxin.  A  4-5-day  culture 
of  Cl.  botullnum  in  a  liquid  meat  or  casein  medium  is  centrifuged  or 
filtered.  The  final  trypsin  solution  is  added  in  a  concentration  of 
0.50  of  the  total  volume  of  the  culture  fluid.  If  pancreatine  is  used 
instead  of  trypsin  the  culture  fluid  is  mixed  half  and  half  with  the 
final  pancreatine  solution. 
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The  mixtures  thus  obtained  are  Incubated  In  a  heater  at  37*  for  1 
hr. 

After  Incubation  the  activated  liquid  la  titrated  in  white  mice  by 
intravenous  injection  and  neutralization  with  type  E  serum. 

The  toxin  titre  of  inactivated  culture  fluid  from  the  same  culture 


is  checked  in  the  same  manner. 

The  results  are  preliminarily  evaluated  after  5  hr  and  a  final 
evaluation  is  made  after  24  hr.  The  activation  index,  i.e.,  the  ratio 
of  the  number  of  MLD  (minimum  lethal  doses)  in  the  activated  culture 
f-iuid  to  that  in  the  inactivated  culture  fluid,  is  then  determined.  If 
the  activation  index  is  positive  and  larger  than  2  the  culture  fluid 
undoubtedly  contains  prototoxin.  A  negative  activation  index  indicates 
that  the  strain  in  question  does  not  produce  prototoxin  and  does  not 
belong  to  type  E. 


Accelerated  methods  cf  bacteriological  examination 


Determination  of  botulln  toxins  by  biological  testing  and  the 


neutralization  reaction  is  the  most  reliable  method,  but  when  the  mater- 


TABLE  44 


Scheme  of  Experiment  for  Detection  of  Botulln 
Toxin  in  Blood  (Expressed  in  Volumes) 


1)  Test-tube  Ho. ;  2)  ingredients;  3)  citrated 
blood;  4)  physiological  solution;  5)  antlbotu- 
lln  sera;  6)  staphylococcal  suspension. 


ial  under  investigation  contains  only  small  doses  of  toxin  the  animals 
do  not  die  for  48-96  hr;  moreover,  toxin  doses  sublethal  for  the  exper- 
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lnental  animal  cannot  be  detected.  Accelerated  methods  for  toxin  detec¬ 
tion  were  consequently  developed  long  ago  and  have  now  been  introduced 
into  practice. 

Method  of  determining  phagocytic  index  (S.M.  Winery In  et  al., 
1959).  This  technique  makes  it  possible  to  detect  the  presence  of  botu- 
lin  toxin  and  simultaneously  establish  its  type  within  a  comparatively 
short  period  (approximately  3  hr).  It  is  based  on  the  fact  that  types 
A  and  B  botulln  toxins,  when  added  to  blood  under  test-tube  conditions 
or  administered  to  animals,  sharply  reduce  the  phagocytic  activity  of 
leucocytes  as  a  result  of  their  own  leucocytic  properties.  The  phagocy¬ 
tic  capacity  of  the  leucocytes  of  animals  suffering  from  botulism  de¬ 
creases  by  a  factor  of  3,  5,  10,  or  even  20,  depending  on  the  extent  of 
the  poisoning.  In  very  severe  cases  of  intoxication  the  phagocytic  in¬ 
dex  may  drop  to  zero.  When  homologous  antitoxic  serum  is  added  to  blood 
exposed  to  botulln  toxin,  either  under  test-tube  conditions  or  in  an 
animal,  the  phagocytic  capacity  of  the  leucocytes  is  in  large  measure 
restored,  a  phenomenon  not  observed  when  heterologous  sera  are  added. 

The  following  equipment  and  reagents  are  required  for  the  phago¬ 
cytosis  reaction: 

1.  Small -diameter  agglutination  tubes; 

2.  The  smallest -diameter  pipettes  from  a  Panchenkov  apparatus; 

3.  3*  sodium  citrate; 

4.  Types  A,  B,  C  and  E  typospeclflc  botulln  antitoxic  diagnostic 

sera; 

5*  A  culture  of  Staphylococcus  aureus  (strain  No.  209); 

6.  Blood  as  a  source  of  leucooytes.  Either  human  or  guinea  pig 
blood  can  be  used,  but  rabbit  blood  gives  very  unclear  results. 

7.  A  fixative  for  the  smears  -  Nikiforov's  solution  (equal  volumes 
of  ethyl  alcohol  and  ether),  methyl  alcohol,  or  absolute  ethyl  alcohol. 
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Methyl  alcohol  Is  the  best  of  these 


8.  Stains  for  the  smears:  the  best  results  are  obtained  with  Roman- 
owsky-Glemsa 's  stain  and  Romansky's  azure-eosin. 

Method :  the  patient's  blood  Is  mixed  with  3#  sodium  citrate  In  a 
ratio  of  2:1  In  a  test-tube.  The  experiment  Is  carried  out  In  5  test- 
tubes,  5  volumes  of  the  Ingredients  being  reacted  In  each  tube.  Table 
44  shows  the  experimental  set-up,  with  the  various  quantities  expressed 
In  volumes.  The  ratio  of  the  reagents  should  be  the  same  In  all  the 
tubes.  Panchenkov  pipettes  with  capillaries  of  equal  length  must  be 
u  ed  for  this  purpose.  One  volume  Is  usually  assumed  to  be  1/4  of  the 
’ength  of  the  Panchenkov  pipettes  (from  the  tip  to  division  75)*  The 
manner  In  which  the  Ingredients  are  mixed  Is  of  great  importance  in  ob¬ 
taining  clear  results.  All  the  Ingredients  must  be  introduced  at  the 
bottom  of  the  tube,  since  they  may  otherwise  remain  on  the  wall  and  dry 
out  without  reaching  the  bottom.  During  the  actual  reaction  the  rack 
containing  the  tube  Is  shaken  every  8-10  min. 

The  first  step  is  to  introduce  3  volumes  of  cltrated  blood  Into 
each  tube;  one  volume  of  physiological  solution  Is  then  added  to  tube 
No.  1  and  types  A,  B,  C  and  E  diagnostic  sera  to  tubes  Nos.  2,  3*  4  and 
5  respectively.  After  the  reagents  have  been  mixed  the  tubes  are  placed 
in  a  heater  for  30  min  to  permit  neutralization  of  the  toxin  in  the 
tube  to  which  the  homologous  serum  has  been  added. 

After  Incubation  for  30  min  one  part  of  the  staphylococcal  suspen¬ 
sion  is  added  to  each  of  the  tubes  and  they  are  returned  to  the  heater 
for  20  min  to  permit  phagocytosis  to  go  to  completion.  Smears  are  then 
prepared  from  the  contents  of  each  tube  and  used  to  determine  the  pha¬ 
gocytic  index. 

The  smears  should  not  be  too  thin,  since  a  great  deal  of  time  Is 
required  to  calculate  the  phagocytic  Index  if  they  are.  Fixation  with 
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methyl  alcohol  should  not  be  too  prolonged;  It  Is  sufficient  to  Immerse 
the  smears  In  the  alcohol  for  several  seconds  and  then  immediately 
stand  them  on  edge  to  dry.  The  specimens  must  be  stained  very  carefully, 
since  overstained  or  understained  smears  are  unsuitable  for  determina¬ 
tion  of  the  phagocytic  index.  It  is  necessary  to  try  to  make  the  cocci 
within  the  leucocytes  clearly  visible. 

A  mechanical  stage,  which  ensures  successive  inspection  of  the  en¬ 
tire  smear,  should  be  employed  in  determining  the  phagocytic  index. 

This  completely  excludes  any  possibility  of  counting  the  same  leucocyte 
more  than  once. 

The  phagocytic  index  is  the  average  number  of  cocci  engulfed  by  one 
leucocyte.  In  calculating  the  index  the  number  of  cocci  in  50  leucocytes 
is  counted  and  the  result  is  divided  by  50. 

If  the  patients  blood  contains  botulism  toxin  the  phagocytic  in¬ 
dices  of  all  the  blood  specimens  (test-tubes)  are  low,  except  for  that 
portion  in  which  the  toxin  type  corresponds  to  the  serum  type  added  to 
U. 

Determination  of  the  phagocytic  index  cannot  be  employed  to  detect 
botulin  toxins  in  foodstuff  or  organs  from  cadavers,  since  uncontam¬ 
inated  products  and  organs  give  a  positive  reaction  in  a  large  percen¬ 
tage  of  cases. 

Indirect  hemagglutination  reaction  (T.  Rytsay.  1956:  V.A.  Sinitsyn. 
I960;  R.Ye.  Konnlkova,  1961;  R.Kh.  Yafayev,  1961).  This  reaction  is 
based  on  the  method  devised  by  Boyden  (1951)*  who  established  that  ery¬ 
throcytes  preliminarily  treated  with  a  tannin  solution  adsorb  proteins, 
including  antibodies  and  antigens.  It  is  a  new  technique  and  can  be 
used  for  guideline  purposes.  A  biological  test  must  be  simultaneously 
conducted  In  mice,  as  in  the  phagocytosis -suppression  reaction,  to 
check  the  results  obtained. 
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Essentially,  all  the  authors  who  have  employed  this  reaction  have 
set  it  up  in  the  same  manner,  except  for  slight  differences.  The  simp¬ 
lest  method  is  that  proposed  by  R.Kh.  Yafayev:  fresh  washed  sheep  ery¬ 
throcytes  are  treated  with  a  1:20,000  tannin  solution  in  physiological 
solution.  The  tannin  can  be  stored  under  refrigeration  for  several 
weeks  at  a  concentration  of  1:1000  (10  mg  in  10  ml  of  physiological 
solution)  and  then  diluted  to  1:20,000  before  use. 

One  part  of  the  1:20,000  tannin  solution  is  added  to  one  part  of 
a  2.5#  suspension  of  the  washed  sheep  erythrocytes.  The  mixture  is 
p.  ced  in  a  heater  at  37°  for  10  min  and  then  centrifuged,  the  super- 
r-tant  is  poured  off,  and  the  residue  is  washed  once  with  ordinary  phy¬ 
siological  solution.  At  this  point  3  ml  of  typospecif  ?.c  antibotulin  an¬ 
titoxic  serum  diluted  to  1:10  with  buffered  physiological  solution  at 
pH  6.4  is  added  to  0.1  ml  of  the  tanninized  erythrocytes.  Antitoxic 
sera  purified  by  the  Diaferm-3  method  or  by  combined  dialysis  are  suit¬ 
able  far  the  reaction,  regardless  of  their  tltre.  Types  A  and  B  sera 
with  titres  of  from  2500  to  16,000  units  per  ml  have  been  tested. 

Since  not  all  series  cfsera  give  a  positive  reactlai  with  toxins 
it  is  necessary  to  collect  suitable  series  in  preliminary  experimats 
with  known  toxins. 

After  3  ml  of  the  1:10  serum  has  been  added  to  the  tannin-treated 
erythrocytes  the  mixture  is  placed  in  a  heater  at  37*  for  1  hr  and  then 
centrifuged;  the  erythrocyte  residue  is  washed  twice,  first  with  buffered 
physiological  solution  at  pH  6.4.  The  supernatant  is  discarded  after 
centrifuging.  The  residue  is  resuspended  (second  washing)  in  buffered 
physiological  solution  at  pH  6.4  containing  inactivated  normal  rabbit 
serum  diluted  to  1:100.  The  mixture  is  centrifuged,  the  supernatant  is 
discarded,  and  the  residue  is  resuspended  in  5  nil  of  the  same  buffered 
solution  containing  rabbit  serum. 
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The  suspension  of  tannin-treated  erythrocytes  sensitized  with  im¬ 
mune  serum  is  used  to  set  up  the  indirect  hemagglutination  reaction, 
adding  0.1  ml  to  each  of  a  series  of  tubes  containing  0.5  ml  of  the  ma¬ 
terial  to  be  investigated. 

The  hemagglutination  reaction  is  set  up  by  pouring  portions  of 
0.5  ml  of  successive  two-fold  dilutions  of  the  material  into  ordinary 
bacteriological  test-tubes.  Extracts  of  foodstuffs  and  other  material 
objects  are  prepared  in  the  manner  described  on  page  572.  The  material 
to  be  studied  is  diluted  in  buffered  phosphate  solution*  at  pH  7.0  con¬ 
taining  0.4$tf  normal  rabbit  serum. 

The  reaction  is  evaluated  2  or  3  hr  after  incubation  at  37°  for 
45-60  min. 

In  working  with  extracts  of  foodstuffs  a  positive  reaction  is  also 
observed  in  samples  contaminated  with  Cl.  sporogenes.  The  sensitivity 
of  this  reaction  cannot  be  precisely  established,  since  it  is  governed 
not  by  the  quantity  of  botulin  toxin  in  the  sample,  but  by  the  amount 
of  specific  antigen,  which  incorporates  the  active  toxin  and  soluble, 
nontoxic  bacterial  antigens.  Types  A  and  B  botulin  toxins  give  cross - 
reactions  with  the  corresponding  sera.  Certain  series  of  botulin  anti¬ 
toxin  are  absolutely  harmless  to  animals  but  give  a  positive  hemagglu¬ 
tination  reaction.  This  method  is  consequently  of  only  guideline  value. 

Some  authors  recommend  the  complement -fixation  reaction  as  a  guide¬ 
line  far  determining  botulin  toxins.  This  reaction  is  not  very  sensi- 
t'-e  to  toxins  and  also  indicates  specific  proteins.  It  can  be  used  to 
detect  only  weak  botulin  toxins. 

FOOD  POISONINGS  OF  STAPHYLOCOCCAL  ETIOLOGY 
N.P.  Nefed’yeva,  Candidate  of  Biological  Sciences 

Food  poisonings  of  staphylococcal  etiology  are  acute  gastrointes¬ 
tinal  illnesses  which  develop  after  consumption  of  food  containing 
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staphylococcal  enterotoxin. 


The  clinical  symptoms  of  staphylococcal  poisoning  Include  a  very 
short  Incubation  period,  occasionally  lasting  only  30  min  but  usually 
2i-3  hr  long,  rarely  reaching  6  hr.  The  duration  o.  the  incubation  per¬ 
iod  is  undoubtedly  Influenced  by  the  amount  of  enterotoxin  involved  and 
the  Individual  sensitivity  of  the  victims. 

The  most  frequently  observed  symptoms  are  repeated  vomiting,  some¬ 
times  with  an  admixture  of  blood  and  mucus,  pain  of  varying  severity 
in  the  epigastric  region,  and,  in  many  cases,  signs  of  cardiac  weakness 
a» d  cold  sweats.  Diarrhea  is  not  always  present,  occurring  only  once  or 
twice  in  the  majority  cf  patients.  Body  temperature  is  usually  normal, 
but  sometimes  subnormal;  a  rise  in  temperature  is  exceptional,  lasting 
only  a  few  hours  and  never  going  above  38®.  Headaches,  chills,  and  con¬ 
vulsions  are  often  noted.  Fatalities  are  extremely  rare,  occurring  pre¬ 
dominately  in  children,  persons  weakened  by  other  diseases,  and  the  el¬ 
derly.  Recovery  is  rapid,  the  pacient  feeling  well  within  2-3  days. 
Morphology  of  Staphylococci 

Staphylococci  are  round  or  oval  cells  with  a  diameter  of  from  0.5 
to  1  p..  They  are  found  in  clusters  resembling  bunches  of  grapes,  but 
isolated  and  paired  cells  and  sometimes  short  chains  are  encountered 
in  cultures  on  solid  and  liquid  media.  Staphylococci  do  not  form  spores 
or  capsules  and  have  no  flagella.  They  are  easily  stained  with  aniline 
dyes  and  are  gram-positive. 

Biology  of  Staphylococci;  cultural  characteristics 

Staphylococci  are  very  easily  cultured  in  vitro,  are  unselective 
with  respect  to  nutritive  media,  and  are  facultative  anaerobes  but 
grow  better  in  the  presence  of  oxygen.  The  optimum  medium  pH  is  7. 2-7. 8, 
the  optimum  temperature  is  37° ,  and  the  temperature  limits  of  reproduc¬ 
tion  lie  at  12  and  43®.  Addition  of  blood  or  glucose  to  the  nutritive 
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medium  accelerates  staphylococcal  growth.  Staphylococci  actively  form 
a  golden,  enamel-white,  or  lemon-hellow  pigment  (llpochrome),  especially 
at  room  temperature  (20°)  and  In  the  presence  of  air. Colonies  of  these 
bacteria  on  solid  nutritive  media  have  the  form  of  regular  disks  from  2 
to  4  mm  In  diameter. The  margins  of  the  colonies  are  smooth  and  their  sur¬ 
face  Is  slightly  convex  and  lustrous;  they  are  opaque  and  have  the  col¬ 
or  of  the  pigment  produced  by  the  strain.  Staphylococcal  colonies  may 
fore  clarified  zones  of  hemolysis  on  blood  agar.  In  liquid  media  these 
microorganisms  produce  strong  diffuse  turbidity,  gradually  forming  a 
sediment. 

Staphylococci  most  frequently  clabber  and  then  peptonize  milk. 

These  bacteria  ferment  many  carbohydrates  (lactose,  glucose,  mal¬ 
tose,  etc.)  to  form  acids  but  not  gas.  They  release  hydrogen  sulfide 
but  do  not  produce  lndol. 

Resistance  to  physical  and  chemical  agents 

Staphylococci  are  rather  stable  with  respect  to  physical  and  chem¬ 
ical  agents.  They  withstand  desiccation  and  exposure  to  direct  sunlight 
,ulte  well. 

In  liquid  media  Staphylococci  can  endure  heating  at  70°  for  60  min 
or  at  80°  for  10  min.  Phenol  (5#)  or  mercuric  chloride  (0.1#)  requires 
at  least  15-25  min  to  kill  them.  These  bacteria  are  very  resistant  to 
sodium  chloride  In  the  medium  on  which  they  are  growing,  multiplying 
even  at  salt  concentrations  of  7-10#,  and  also  withstand  high  sugar  con- 
centratlons  (up  to  47#)  well. 

Staphylococci  very  quickly  produce  strains  resistant  to  antibiotics 
and  the  number  of  Buch  strains  is  continually  increasing  as  various  anti¬ 
biotics  come  Into  wide  use. 

Pathogenicity,  virulence,  and  toxin  formation 

Staphylococci  may  be  pathogenlo  or  nonpathogenic  for  man  and  ani- 
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mals.  A  general  pathogenetic  characteristic  of  pathogenic  Staphylococci 
Is  their  ability  to  Induce  diverse  suppurative  and  inflammatory  proces¬ 
ses.  Rabbits  are  the  laboratory  animals  most  sensitive  to  Staphylococci. 
They  develop  abscesses  when  the  bacteria  are  Injected  subcutaneously 
and  soon  die  when  they  are  Injected  Into  the  bloodstream. 

The  difficulty  of  establishing  the  etiological  role  of  Staphylo¬ 
cocci  In  food  poisonings  Is  attributable  primarily  to  the  fact  that 
these  bacteria  occur  very  widely  In  nature j  they  are  consistent  Inhab¬ 
itants  of  humans  and  animals.  Staphylococci  can  almost  always  be  de¬ 
le  '.ted  on  the  skin  of  a  healthy  person  and  often  in  his  saliva,  mouth, 
nose  and  feces;  they  can  always  be  isoifced  from  pus  produced  by  inflam¬ 
mations.  These  bacteria  occur  in  air,  water,  and  sewage  and  are  often 
found  In  substantial  numbers  in  various  foodstuffs,  which  can  be  eaten 
without  unfavorable  consequences. 

Pathogenic  Staphylococci  produce  a  variety  of  toxins  (Table  45). 

All  the  toxins  shown  in  Table  45,  with  the  exception  of  the  last, 
are  true  soluble  exotoxins.  The  enterotoxln  occupies  a  different  posi¬ 
tion;  its  properties  have  been  rather  widely  studied,  but  its  pharma¬ 
cological  and  chemical  nature  and  antigenic  characteristics  remain  a 
matter  of  dispute. 

TABLE  45 

Staphylococcal  Toxins  and  Their  Action 

a  b  n«rir— m  nfcnw 

I  •  rtMMRMM  PacT*opt«M  mparpouToa  C 

3.  AtpMoroaci*  Mme-mom  mcunim  nn  ■  urm- 

m 

3.  JbnMid  tmkm  r*0Mk  Humor  Boro  9 

4.  #aflpain.niM*  PtcrmoptaM  ewOpmtf 

8.  Mmuui  P*cTmop«a»«  .rmlmottrrom  g 

8.  Oanpoioaca*  rUnrmot  komhmm  m- 

WMftruiMon  rptart  h 

l)  Hemolysis;  2)  dermotoxln;  3)  lethal  toxin;  4)  f lbrlnolysin;  5)  leuco- 
cidin;  6)  enterotoxln.  a)  Toxin;  b)  pathogenic  effect;  c)  dissolution 
of  erythrocytes;  d)  local  inflammation  and  suppuration  of  skin;  e) 
death;  f)  dissolution  of  fibrin;  g)  dissolution  of  leucocytes;  h)  food 
poisoning,  damage  to  alimentary  tract. 
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Only  certain  pathogenic  Staphylococci  are  capable  of  producing  en- 
terotoxln  In  many  types  of  food  without  altering  Its  appearance,  color, 
or  taste. 

The  antigenic  and  Immunogenic  properties  of  the  enterotoxln  are  not 
like  those  of  a  true  bacterial  exotoxin.  Experimental  Immunization  of 
animals  produces  a  slight.  Irregular  acclimatization  to  the  enterotoxln. 
Active  Immunization  of  humans  against  the  enterotoxln  Is  also  Ineffec¬ 
tive. 

Han  displays  the  greatest  sensitivity  to  staphylococcal  enterotoxln; 
0.5  ml  of  toxic  filtrate  from  a  Staphylococcus  culture,  administered  per 
os,  may  be  sufficient  to  cause  a  positive  reaction.  Individual  sensi¬ 
tivity  varies,  however.  Animals  are  considerably  less  sensitive  to  the 
enterotoxln.  Monkeys  become  ill  when  given  50  ml  of  filtrate,  while 
2-3-month  kittens  require  a  dose  of  20-25  ml  (Jordan  and  MacBrown). 

The  question  of  how  often  strains  capable  of  producing  enterotoxln 
are  encountered  among  the  pathogenic  Staphylococci  has  not  yet  been  con- 
:  lusively  resolved.  According  to  the  data  of  certain  authors  (Dolman), 

few  Staphylococci  form  enterotoxln;  however,  experiments  on  monkeys  have 

* 

shown  that  75^  of  the  strains  of  coagulase -positive  Staphylococci  are 
capable  of  producing  enterotoxln  (Ivens  et  al. ). 

The  principal  characteristic  of  the  enterotoxln  Is  its  thermosta¬ 
bility  which  must  be  taken  into  account  in  investigating  food  poison¬ 
ings  and  In  taking  prophylactic  measures.  The  data  of  a  number  of  auth¬ 
ors  have  shown  that  staphylococcal  enterotoxln  is  very  thermostable, 
capable  of  withstanding  not  only  prolonged  boiling  but  even  autoclaving 
In  some  cases. 

The  enterotoxln,  when  dried,  can  be  stored  for  up  to  8  months  with 
no  loss  of  toxicity.  When  it  is  kept  at  low  temperatures  (e.g. ,  4*)  it 
can  be  stored  for  more  than  2  months  without  losing  Its  strength. 
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Staphylococci  do  not  die  in  frozen  foods,  but  do  not  form  entero¬ 
toxin.  If  enterotoxin  is  produced  in  the  product  before  it  is  frozen  it 
is  not  inactivated  and  the  product  may  cause  food  poisoning. 

Alcohol,  formalin  and  chlorine  do  not  decompose  the  enterotoxin, 
which  is  also  resistant  to  acids  and  alkalies.  It  remains  active  over 
the  pH  range  k. 5-8. 2. 

Laboratory  Diagnosis  of  Food  Poisonings  Caused  by  the  Enterotoxlns  of 
Pathogenic  Staphylococci 

Material  for  examination;  taking  of  samples 

In  studying  staphylococcal  toxicosis  the  following  materials  are 
subjected  to  bacteriological  investigation:  a)  the  remains  of  food  eaten 
by  the  patients  and,  if  possible,  the  original  products;  b)  vomltus, 
lavage  fluids,  and  feces  from  the  victims;  c)  washings  and  scrapings 
from  inventory  stock,  equipment,  and  containers  and  washings  from  the 
hands  and  samples  of  oral  and  nasal  mucus  from  persons  occupied  in  the 
production  of  food. 

A  wide  range  of  foodstuffs  can  cause  poisoning.  Staphylococci  mul¬ 
tiply  equally  well  in  media  rich  in  carbohydrates  and  in  media  rich  in 
proteins. 

Almost  any  type  of  foodstuff  can  produce  food  poisoning  of  staphy¬ 
lococcal  etiology. 

Not  all  foods  in  which  Staphylococci  multiply  well  are,  however, 
equally  favorable  media  for  enterotoxin  formation;  these  bacteria  re¬ 
produce  well  in  certain  foods,  but  still  not  produce  enterotoxin. 

Milk  and  milk  products  play  a  special  role  in  food  poisoning 
caused  by  Staphylococci.  There  are  many  ways  in  which  milk  can  be  con¬ 
taminated  with  pathogenic  Staphylococci.  It  is  sufficient  to  recall 
that  these  bacteria  are  the  usual  cause  of  mastitis  in  cows,  a  condition 
In  which  their  milk  is  heavily  infected  with  Staphylococci. 
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Cream  products  play  no  small  part  In  the  etiology  of  streptococcal 
food  poisoning,  both  In  the  Soviet  Union  and  abroad. 

Meat  and  meat  products  often  also  figure  as  sources  of  staphylococ¬ 
cal  food  poisoning,  such  substances  being  good  nutritive  media  for  mi¬ 
croorganisms  . 

Epidemiological  observations  usually  make  It  possible  to  establish 
that  the  personnel  engaged  in  preparing  the  food  that  served  as  the 
source  of  infect icn  Included  persons  carrying  pathogenic  Staphylococci 
in  the  nasopharynx  or  persons  with  impetiginous  diseases. 

All  the  samples  to  be  investigated  are  collected  In  sterile  ves¬ 
sels,  observing  the  usual  rules  of  asepsis. 

In  culturing  solid  foodstuffs  (meat,  fish,  cheese,  etc.)  a  piece 
of  the  product,  taken  under  sterile  conditions  and  weighing  5-10  g,  is 
ground  In  a  sterile  mortar  with  sterile  physiological  solution  or  ster¬ 
ile  distilled  water  in  a  ratio  of  1:10.  Sterile  glass  beads  or  sand  is 
used  for  more  uniform  grinding.  The  resultant  mass  serves  as  the  initial 
material  for  culturing. 

Cream,  butter.  Ice  cream,  melange,  etc.,  are  melted  before  cultur¬ 
ing,  being  placed  in  a  heater  or  water  bath  at  45-50°  for  a  short  time. 

Liquids,  Including  vomltus  and  lavage  fluids,  are  cultures  without 
preliminary  processing.  Foods  with  an  acid  pH  are  neutralized  with  10$ 
sterile  sodium  bicarbonate  until  they  give  a  slightly  alkaline  reaction. 
Bacteriological  examination 

The  bacteriological  Investigation  can  be  divided  Into  separate 

5’ 

stages. 

Stage  I:  The  material  to  be  studied  is  cultured  (immediately  or 
after  appropriate  processing)  on  two  successive  solid  nutritive  media  - 
milk -salt  agar  (page  904)  and  blood  agar.  The  cultures  are  made  by 
thoroughly  rubbing  2  drops  of  the  material  into  the  surface  of  the  milk- 
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salt  agar  with  a  spatula,  which  Is  then  used  to  transfer  the  material 
to  the  surface  of  the  blood  agar.  Cultures  are  simultaneously  made  In 
concentration  media:  salt  broth  containing  6.5#  sodium  chloride,  salt 
broth  containing  10£  sodium  chloride,  and  sugar  broth  containing  1 % 
glucose.  No  more  than  1/10  of  the  volume  of  the  nutritive  medium  is  in¬ 
oculated.  All  the  cultures  are  incubated  at  37*  for  18-24  hr. 

Cultures  are  not  made  In  salt  media  when  Investigating  products 
containing  large  quantities  of  salt  (herring,  sprat,  etc.). 

Cultures  are  not  made  in  sugar  broth  when  investigating  products 
.v^vh  a  high  sugar  content  (cream.  Ice  cream,  etc.). 

Stage  Ilf  a)  After  18-24  hr  the  cultures  are  inspected  and  speci¬ 
mens  are  made  up  from  individual  typical  colonies,  Qram-stained,  and 
examined  microscopically.  When  gram-positive  cocci  are  detected  the 
colonies  are  transferred  to  one  sector  of  dishes  containing  blood  agar, 
in  order  to  obtain  a  pure  culture  and  check  its  hemolytic  properties. 
The  dishes  are  incubated  at  37°  for  18-24  hr. 

Note :  After  Incubation  at  37°  cultures  on  milk-salt  agar  must  be 
kept  at  room  temperature  for  an  additional  48  hr,  since  the  elevated 
salt  content  of  the  medium  may  have  a  retarding  influence  on  the  growth 
of  both  the  concomitant  microflora  and  the  Staphylococci. 

b)  Regardless  of  whether  or  not  colonies  suspected  of  being  Sta¬ 
phylococci  develop,  on  the  solid  media,  material  is  transferred  from  the 
concentration  media  to  one  sector  of  dishes  containing  blood  agar. 

The  cultures  are  incubated  for  18-24  hr  at  37* • 

When  no  growth  occurs  within  24  hr  secondary  cultures  are  made  on 
blood  agar  prepared  with  salt  broth. 

Stage  III:  The  cultures  isolated  from  the  solid  media  and  trans¬ 
ferred  to  the  blood  agar  (see  Stage  II)  are  studied  in  the  following 
manner:  1)  specimens  are  prepared,  Qram-stai  d,  and  examined  mlcro- 
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acoplcally.  During  the  examination  the  morphology  of  the  culture  Is  de¬ 
termined  and  Its  purity  Is  checked;  2)  the  presence  or  absence  of  hemo¬ 
lysis  is  noted;  3)  a  plasma -coagulation  reaction  is  set  up;  4)  the  pure 
culture  Is  used  to  Inoculate  agar  slants  In  order  to  determine  Its  phag- 
otype. 

The  plasma -coagulation  test  is  carried  out  by  thoroughly  mixing 
sterile  5%  sodium  citrate  with  fresh  rabbit  or  human  blood  In  a  ratio  of 
1:5*  After  centrifugation  or  settling  under  refrigeration  the  plasma  is 
drawn  off  and  diluted  with  physiological  solution,  adding  4  parts  of 
the  latter  to  1  part  of  plasma.  Portions  of  0.5  ml  of  the  diluted  plas¬ 
ma  are  poured  Into  sterile  stoppered  test-tubes  and  mixed  with  one  loop¬ 
ful  of  a  day-old  agar  culture.  One  tube  of  plasma  Is  left  uninoculated 
as  a  control.  The  tubes  are  incubated  in  a  heater  at  37*  and  the  results 
are  evaluated  after  1,  2,  3*  and  24  hr. 

When  coagulase -positive  Staphylococci  are  not  found  on  the  solid 
media  colonies  isolated  from  the  concentration  media  are  studied  In  the 
manner  described  above  (Stage  II). 

Pathogenic  Staphylococci  coagulate  blood  plasma  and  usually  have 
hemolytic  properties. 


TABLE  46 
Type  Phages 


JtemnM  ryu—  ^ 

2  tin 

2?*^  .  3 .  . . 

8.  83.  MA,  79,10 

3A,  38,  3C,  K.  71 

T  pm*  .  ...  5.  ...  . 

6,  7,  4IE,  47,  M,  54,  75,  77,  55A 

4tT*pT*«  .  .  <  g  .  .  . 

420 

Cmhoiirii  .  . 

187,  81 

/ 

1)  Lytic  group;  2)  Dhages;  3)  first;  4) 
second;  5;  third;  6)  fourth;  7)  mixed. 


Hemolysis  Is  more  reliably  detected  when  Staphylococci  are  raised 
on  blood  agar  in  a  carbon -dioxide  atmosphere. 


The  extent  to  which  the  foodstuffs  being  studied  are  contaminated 
may  be  of  importance  in  evaluating  the  results  of  investigations  for 
Staphylococci;  it  is  determined  by  culturing  the  material  directly  on 
solid  media  and  is  customarily  designated  as  "massive  colonial  growth," 
"diffuse  growth,"  or  "growth  of  isolated  colonies."  When  there  is  no 
growth  on  the  solid  media  Staphylococci  detected  on  the  concentration 
media  are  regarded  as  isolated  colonies. 

Phage  typing  of  Staphylococci 

Use  of  phage  typing  in  studying  Staphylococci  has  shown  that  this 
ce  hnlque  is  of  undoubted  value  in  establishing  their  etiological  role 
in  diseases  and  food  poisonings.  Epidemiological  study  of  staphylococcal 
infections  is  no  longer  possible  unless  this  method  is  employed. 

Phage  typing  of  bacteria  Isolated  from  suspected  foods  and  food- 
preparation  personnel  in  outbreaks  of  food  poisoning  has  made  it  pos¬ 
sible  to  Identify  Staphylococci  in  a  number  of  cases. 

For  phage-typing  of  coagulase -positive  Staphylococci  it  is  neces¬ 
sary  to  have  available  a  set  of  type  phages  and  bacterial  strains  sen¬ 
sitive  to  them.  The  phages  and  cultures  must  be  stored  in  a  lyophilized 
state.  Any  nutritive  medium  can  be  used  for  titrating  the  Staphylococci 
with  the  phages.  The  best  results  are  obtained  with  Hottinger's  broth 
at  pH  7- 2-7- 4  to  which  0.4#  glucose  and  0.004#  calcium  chloride  have 
been  added,  meat  agar  produced  by  adding  1#  agar  to  this  base,  and  dry 
standard  nutritive  media. 

There  are  22  phages  in  the  type  set  presently  employed  (see  Table 

46). 

Before  titrating  the  strains  it  is  necessary  to  determine  the  test 
dose  for  each  phage.  The  test  dose  is  assumed  to  be  that  phage  dilution 
at  which  complete,  continuous  lysis  of  the  sensitive  strain  does  not 


occur  even  though  the  preceding  dilution  causes  continuous  lysis.  In  or- 
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der  to  determine  this  dose  the  phage  filtrates  are  diluted  ten-fold  (to 
1:100,000)  and  a  measuring  loop  (2  mm  in  diameter)  is  used  to  apply  one 
drop  of  each  dilution  to  a  dish  which  has  been  preliminarily  dried  and 
inoculated  with  a  4-6-hr  broth  culture  of  the  sensitive  strain;  the  dish 
is  then  incubated  at  30°  for  20  hr.  If  the  phage  is  in  dry  form  1  ml  of 
Hottinger's  broth  is  added  to  an  ampule  opened  under  aseptic  conditions 
(yielding  a  dilution  of  10_1)  and  further  dilutions  are  then  made  up. 

The  strains  to  be  typed  are  first  reacted  with  test  doses  of  the  phages. 

Petri  dishes  with  grids  of  squares  drawn  on  their  bottoms  are  filled 
with  agar,  dried  at  37°  for  30-40  min,  and  then  inoculated  with  a  uni¬ 
form  layer  of  a  types  4-6-hr  broth  culture,  removing  the  excess  with  a 
pipette. 


TABLE  47 


1)  Strain  No.;  2)  phage  No.;  3)  typing  result; 
4)  same  strain;  5)  strains  4-and  5  identical; 
6)  separate  strain. 


The  broth  culture  is  obtained  by  transferring  a  24-hr  culture  from 
a  nutritive -agar  slant.  The  dishes  are  again  dried  for  20-30  min  and  the 
phages  are  applied  with  a  measuring  loop  (which  must  be  flamed  after 
each  phage),  one  to  each  square  of  the  grid.  For  convenience  in  eval¬ 
uating  the  results  the  phages  should  always  be  applied  in  the  same  or¬ 
der.  After  the  drops  of  phage  have  dried  the  dishes  are  incubated  at 
30*  for  18-20  hr  or  at  37*  for  5-6  hr  and  then  held  at  room  temperature 
for  18-20  hr.  If  the  strain  to  be  typed  does  not  give  a  lytic  reaction 
with  test  doses  of  any  of  the  phages  it  is  checked  with  the  phage  fll- 
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trates  at  100  times  the  test  doses. 

Instead  of  drawing  the  grid  on  the  bottom  of  the  dish  It  Is  pos¬ 
sible  to  use  a  grid  drawn  on  paper.  The  prepared  dish  la  placed  bottom 
down  on  the  paper,  which  has  an  arrow  to  Indicate  the  direction  In 
which  the  phages  are  to  be  applied. 

The  results  are  evaluated  on  the  following  scale: 

++  more  than  50  negative  phage  colonies,  semicontlnuous  or  contin¬ 
uous  lysis  with  or  without  secondary  growth; 

+  20-50  negative  phage  colonies; 

+  less  than  20  negative  phage  colonies; 

-  negative  result. 

In  order  to  detect  nonspecific  lysis  a  drop  of  physiological  solu¬ 
tion  Is  applied  to  one  square.  The  results  of  the  typing  are  presented 
as  a  list  of  all  the  phages  which  lyzed  the  strain  to  no  less  than  2 
plusses  on  the  aforementioned  scale.  If  weak  lytic  reactions  took  place 
with  other  phages  a  plus  sign  {+)  Is  appended  to  the  phage  formula.  For 
example.  If  the  strain  was  lyzed  by  phages  6++,  7++ ,  47++,  53+ ,  and  70+ 
Its  phage  formula,  or  phagotype,  la  6/7/47+.  Different  subcultures  of 
the  same  strain  may  exhibit  variations  In  their  lytic  reactions.  In  or¬ 
der  to  avoid  erroneous  evaluation  of  such  reactions  It  Is  necessary  to 
type  simultaneously  all  cultures  Isolated  In  a  case  of  staphylococcal 
Illness  and  to  make  a  rather  detailed  study  of  the  typing  results.  At¬ 
tention  must  be  devoted  to  both  strong  and  weak  lytic  reactions.  An  ex¬ 
ample  of  the  typing  of  Staphylococci  Isolated  during  an  outbreak  of 
food  poisoning  Is  presented  In  Table  47  • 

Analysis  of  the  data  In  this  table  shows  that  strains  Nos.  1,  2, 
and  3  are  Identical,  even  though  there  are  qualitative  differences  In 
the  strength  of  their  lytic  reactions;  strains  Nos.  4  and  5  are  Identi¬ 
cal,  while  strain  No.  6  differs  from  all  the  others. 
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Serological  reactions  (agglutination)  are  not  set  up  with  the  pa¬ 
tient  's  blood  In  staphylococcal  Infections. 

Detection  of  Staphylococcal  enterotoxln  by  biological  testing 

Researchers  have  suggested  the  use  of  a  number  of  animals  (monkeys, 
kittens,  mature  cats,  puppies,  frogs,  piglets,  mice,  etc.)  and  various 
administration  techniques  for  studying  the  characteristics  of  staphylo- 
coccal  enterotoxln.  However,  the  only  laboratory  animals  which  can  be 
reliably  recommended  for  determination  of  enterotoxlclty  are  monkeys, 
cats,  and  kittens. 

Biological  tests  are  conducted:  1)  to  study  the  ability  of  Staphy¬ 
lococcus  cultures  to  form  enterotoxln  when  raised  on  nutritive  media; 

2)  to  detect  staphylococcal  enterotoxln  In  foodstuffs.  Kittens  (1^-2 
months)  and  mature  cats  can  be  used  as  experimental  animals. 

Biological  testing  In  kittens.  Kittens  are  fed  the  foodstuff  to  be 
studied  or  a  5-day  milk  culture  of  previously  Isolated  Staphylococci 
(20-25  ml)  on  an  empty  stomach.  If  a  kitten  will  not  eat  the  suspected 
product  the  latter  must  be  suspended  in  distilled  water  (1:1),  thorough¬ 
ly  ground,  and  administered  In  a  dose  of  20-25  ml  with  a  pipette  or 
spoon.  At  least  2  cr  3  kittens  should  be  used. 

The  animals*  reaction  is  regarded  as  positive  when  vomiting  devel¬ 
ops  within  30-60  mlri.  The  vomiting  is  sometimes  accompanied  by  diarrhea 
and  general  prostration.  Vo.  rg  occurring  within  5-10  min  Is  nonspe¬ 
cific.  The  kittens  are  observed  over  a  period  of  4-5  hr.  If  no  reaction 
appears  within  this  time  the  test  Is  assumed  to  be  negative. 

Biological  testing  In  cats.  Enterotoxlclty  is  determined  In  cats 
by  Intravenous  injection  of  the  suspected  material,  a  convenient  and 
sufficiently  sensitive  technique.  One  drawback  of  this  method,  however, 
is  the  fact  that  it  can  be  used  only  for  direct  detection  of  enterotox- 
in  In  foodstuffs. 


-  584 


The  enterotoxln  Is  obtained  with  the  aid  of  0.75#  agar  in  veal 
broth  on  Hottinger's  broth  containing  0.25#  glucose  (pH  7**0*  Dishes 
inoculated  with  Staphylococcus  cultures  are  placed  in  a  desiccator  con¬ 
taining  20#  carbon  dioxide  and  kept  in  a  heater  at  37°  for  2  days. 

In  order  to  obtain  a  20#  carbon  dioxide  content  in  the  desiccator 
its  bottom  is  filled  with  1  g  of  sodium  bicarbonate  per  liter  of  vessel 
volume.  The  dishes  are  loaded  into  the  desiccator  and,  leaving  its  lid 
slightly  ajar,  a  Mohr  pipette  is  used  to  drop  10#  hydrochloric  or  sul¬ 
furic  acid  directly  on  the  soda  (8-9  ml  of  acid  per  g  of  soda).  After 
t'.e  acid  has  been  added  the  lid  is  quickly  closed  and  fitted  tightly  in 
^lace. 


After  2  days  the  dishes  are  removed  and  10  ml  of  physiological  so¬ 
lution  is  poured  over  the  agar,  which  is  mashed  to  a  uniform  pasty  con¬ 
sistency  with  a  spatula  and  left  to  stand  at  room  temperature  for  2  hr. 
The  extract  is  placed  In  test-tubes  and  centrifuged  to  obtain  a  clear 
supernatant,  which  Is  drawn  off.  The  staphylococcal  centrifugate  Is 
heated  in  a  boiling -water  bath  for  30  min  and  administered  to  unanes- 
thetlzed  cats  through  the  marginal  vein  of  the  ear  or  the  femoral  vein 
in  a  dose  of  0.5  ml  per  kg  of  body  weight. 

Development  of  vomiting  and  diarrhea,  or  of  vomiting  alone,  within 
30  min  to  3  hr  indicates  that  the  material  contains  enterotoxln.  Each 
cat  can  be  used  3  or  b  times.  When  negative  results  are  obtained  in  a 
cat  which  has  previously  been  used  for  similar  determinations  it  is  ne¬ 
cessary  to  run  a  check  with  a  fresh  cat. 

At  present,  intravenous  administration  of  suspected  material  to 
cats  can  be  employed  to  detect  enterotoxln  only  in  certain  foods  (canned 
sprat,  cod  in  oil,  cream,  semolina,  etc.).  The  product  under  investiga¬ 
tion  is  diluted  to  ljl  with  water,  the  resultant  suspension  is  centri¬ 
fuged  at  2000-3000  rpm  for  l-l£  hr,  and  the  centrifugate  is  drawn  off, 
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heated  In  a  boiling-water  bath  for  30  min,  and  administered  intraven¬ 
ously  to  cats  in  a  dose  of  0.5-1  ml  per  kg  of  body  weight. 

A  cat  intravenously  injected  before  the  enterotoxin  experiment 
with  identical  uncontaminated  material  treated  in  the  same  manner  serves 
as  the  control. 

DISEASES  CAUSED  BY  ENTEROCOCCI 
A.P.  Kalina  and  Prof.  O.P.  Kalina 

Enterococcus  is  the  common  name  of  Streptococcus  faecalls,  a  member 
of  the  genus  Streptococcus  of  the  family  Lactoqacillaceae,  and  belongs 
to  a  special  group  of  bacteria  with  only  a  morphological  similarity  to 
the  other  species  of  Streptococcus  (a  tendency  to  form  chains).  Entero¬ 
coccus  differs  widely  from  the  other  species  of  Streptococcus  in  a  num¬ 
ber  of  its  biological  and  cultural  characteristics. 

The  name  "enterococcus"  was  suggested  by  Thyrselln  in  1889.  The 
binomial  scientific  name  under  which  the  bacterium  is  now  known.  Strep¬ 
tococcus  faecalls,  was  assigned  to  it  by  Andrews  and  Horder  in  1906. 

Recently,  however,  it  has  been  established  that  the  term  enterococ¬ 
cus  has  become  a  subject  of  dispute.  Including  a  group  of  similar  but 

I 

not  identical  microorganisms;  in  addition  to  Str.  faecalls,  at  one  time 
or  another  Str.  liquefaclens,  Str.  zymogenes,  Str.  durans,  Str.  bovis, 
and  Str.  faeclum  have  been  described  as  enterococci.  It  is  now  thought 
that  there  are  three  basic  species  of  enterococci  in  nature:  1)  Str. 
faecalls,  with  its  varieties  var  zymogenes  and  var.  liquefaclens;  2) 

Str.  faecium;*  3)  Str.  durans.  As  for  Str.  bovis,  a  number  of  its  char¬ 
acteristics  differ  sharply  from  those  of  the  other  species  of  enterococ¬ 
ci  and  are  intermediate  between  the  latter  and  other  Streptococci.  How¬ 
ever,  the  existence  of  a  large  number  of  enterococcal  strains  with  di¬ 
verse  biochemical  traits,  which  did  not  fit  into  the  aforementioned 
classification,  led  to  the  establishment  of  a  broad  unclassified  group 
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(Ray  et  al.)  and  even  of  an  independent  species  (biotype  in  Kolober’s 
classification),  Str.  innominatus,  to  which  Kolober  assigned  those  var¬ 
ieties  whose  characteristics  make  it  impossible  to  Include  them  in  one 
of  the  species  mentioned  above. 

Enterococci  Inhabit  the  Intestines  of  humans  and  warm-blooded  ani¬ 
mals  where,  like  E.  coll,  they  are  arbitrarily  pathogenic.  These  bac¬ 
teria  may  cause  acute  intestinal  affections  of  the  enterocolitis  type 
in  children,  as  well  as  suppurative  processes,  wound  infections  (often 
in  association  with  other  suppurative  and  purulent  microbes),  cholecys¬ 
titis,  pancreatitis,  osteomyelitis,  dental  carles,  inflammations  of  the 
r’.ddle  ear,  and  meningitis;  a  substantial  percentage  of  all  cases  of 
endocarditis  are  attributable  to  enterococci.  A  great  deal  of  doubt  has 
recently  been  cast  on  the  etiological  role  of  enterococci  in  food  poi¬ 
sonings  (by  the  detailed  studies  made  by  Silliker  and  Deible  in  i960 
and  1963,  by  Temper  in  1962,  etc.).  In  a  number  of  countries  enterococ¬ 
ci  are  used  as  indicator  bacteria  in  evaluating  the  sanitary-epidemio¬ 
logical  condition  of  environmental  objects,  particularly  water. 
Morphology  of  enterococci 

These  cocci  are  usually  arranged  in  pairs  or  small  clusters  in 
cultures  on  solid  media  (Pig.  48)  and  in  diplococcoid  forms  or  short 
chains  in  smears  prepared  from  liquid  media  or  liquid  pathological  ma¬ 
terial.  Each  coccus  in  a  pair  is  often  slightly  elongate  and  sometimes 
has  tapered  ends  (a  trait  previously  ascribed  exclusively  to  Pneumococ¬ 
ci;  see  Pig.  54).  Enterococci  are  gram-positive  and  are  characterized 
by  a  high  degree  cf  polymorphism,  especially  Li  specimens  prepared  from 
pathological  material  or  from  cultures  in  media  to  which  bacteriostatic 
substances  have  been  added  (even  when  these  substances  have  no  direct 
bacteriostatic  action  on  enterococci):  the  cocci  become  diBtended  and 
the  indlv  dual  cells  of  pairs  and  chains  are  not  uniform  in  size  or 
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shape.  The  eells  may  becane  so  elongated  that  they  resemble  coccobac- 
terla  or  even  bacilli  (Pigs.  49,  50  and  51)*  Chains  may  increase  in 
length;  in  40$  bile,  for  example,  very  long  chains,  taking  the  form  of 
tangled  knots  or  filaments,  may  traverse  the  entire  field  of  view  (Pig. 
52). 


Pig.  48.  Day-old  agar  culture  of  entero¬ 
cocci.  x  1350. 


Enterococci  do  not  form  spores  or  capsules.  They  are  usually  im¬ 
mobile,  although  mobile  varieties  have  been  described;  when  mobility 
doea  occur  it  results  from  the  presence  of  from  1  to  4  flagella  (Pig. 
53). 


Pig.  49.  Enterococci; 
format ion  of  rod -like 
forms,  x  1000. 


Pig.  50.  Enterococci;  rod¬ 
like  forms;  polymorphism, 
x  1100. 
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Fig.  51*  Enterococci;  polymorphism 
on  medium  containing  potassium  tel¬ 
lurite.  x  1350. 


Fig.  52.  Enterococci;  chains  in  broth  con¬ 
taining  40#  bile,  x  900. 

Biology  of  Enterococci;  cultural  characteristics 

Enterococci  are  the  least  selective  of  all  the  Streptococci,  grow¬ 
ing  on  any  ordinary  nutritive  medium.  Their  growth  is  Improved  and  ac¬ 
celerated  by  adding  glucose,  mannitol,  animal  or  human  proteins,  or 
certain  growth  substances  (e.g.,  yeast  extract  or  yeast  autolyzate), 
although  enterococci  grow  rather  slowly  even  under  the  moat  favorable 
conditions  and  reach  their  maximum  growth  only  after  36-48  hr  of  cul¬ 
turing  at  37*.  In  contrast  to  other  species  of  Streptococci  grow  at  any 
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Pig.  53«  Enterococci  (Str.  faecium);  flagella.  1)  Dlplococcus  with  two 
lateral  flagella;  2)  single  coccus  with  three  terminal  aid  one  lateral 
flagella;  3}  dlplococcus  with  one  lateral  flagellum;  4)  dlplococcus 
with  three  or  more  lateral  flagella  (after  Langston,  Outhlere,  and  Bou¬ 
rn,  I960),  x  1800. 


Fig.  54.  Enterococci;  electron- 
microscopic  photograph,  x  10,000 
(after  Duka,  Alexandrescu,  Blrtz, 
and  Hut,  1962). 


temperature  between  10  and  45°.  They  are  facultative  aerobes,  but  all 
metabolic  processes  proceed  Intensively  under  anaerobic  or  relatively 
anaerobic  conditions. 

Enterococcal  colonies  on  nutritive  agar  are  small,  but  fuse  to 
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Fig.  55*  Enterococcal  colonies  on  sugar 
agar;  fused  colonies  visible,  x  20. 


form  a  continuous  growth  when  present  in  large  numbers,  which  distin¬ 
guishes  them  from  colonies  of  hemolytic  and  other  Streptococci  (Fig. 

55).  They  are  convex,  circular,  and  homogeneous  and  refract  light  well, 
although  they  are  somewhat  cloudy.  Kolober  (1962)  has  described  the 
yellow  pigmentation  of  colonies  of  certain  strains  of  enterococci.  In 
liquid  media  these  bacteria  form  a  diffuse  turbidity  whose  intensity 
depends  on  whether  or  not  growth-stimulating  substances  are  present  in 
the  medium;  thus,  the  turbidity  is  more  Intensive  in  media  containing 
yeast  autolyzate  than  in  ordinary  or  sugar-containing  meat-infusion 
broth.  Older  cultures  form  a  mucoid  sediment,  which  does  not  break  up 
when  shaken  but  rises  and  coils  into  a  corkscrew  form. 

Enterococci  are  rather  active  biochemically,  decomposing  glucose 
and  mannitol  without  forming  gaseous  products;  other  carbohydrates  are 
broken  uown  by  various  species  of  enterococci  (see  page  596).  str.  li- 
quefaciens  liquefies  gelatine;  Str.  zymogenes  causes  hemolysis  on  blood- 
contalnlng  media,  while  the  other  species  of  enterococci  leave  such  me¬ 
dia  unchanged  or  (more  rarely)  turn  them  green  within  48-72  hr  or  some- 
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times  later.  Individual  species  may  or  may  not  clabber  milk.  Litmus  or 
methylene  blue  In  milk  are  usually  reduced  before  clabbering  occurs. 
Resistance  to  physical  and  chemical  agents 

Enterococci  are  the  most  resistant  of  all  the  Streptococci:  they 
can  withstand  heating  to  55-60*  for  1  hr  and  resist  the  bactericidal  or 
bacteriostatic  effects  of  many  substances  with  a  selective  action  on 
gram-positive  bacteria,  such  as  basic  aniline  dyes  and  many  antibiotics. 
They  remain  viable  in  the  external  environment  (water,  soil,  etc.)  for 
substantially  longer  than  other  species  of  Streptococci. 

Antigenic  structure;  serotypes 

The  enterococci  are  a  rather  homogeneous  group  and  are  designated 
by  the  letter  "D"  In  Lensfield's  serological  classification. 

Lensfleld  distinguished  3  subtypes  within  this  group,  while  Syl¬ 
vester  and  Benedict  differentiated  4,  as  did  Foley  and  Wilier.  Barber 
et  al.  (1962)  recently  described  group-specific  nucleoproteins,  typo- 
speclflc  polysaccharides,  and  species-specific  proteins  in  group  D. 

This  work  has  still  not  proved  to  be  of  practical  value. 

Laboratory  Diagnosis  of  Diseases  Caused  by  Enterococci 
Material  to  be  examined;  taking  of  samples 

Fecal  matter,  pus,  blood,  discharges  from  ulcerations,  urine,  se- 
creta  from  the  female  genitalia,  cerebrospinal  fluid,  lavage  fluids, 
and  vomitus  are  examined,  In  accordance  with  the  localization  of  the 
enterococcal  process.  Samples  of  pathological  material  are  taken  in  the 
same  manner  as  in  other  streptococcal  diseases. 

Microscopic  examination 

Microscopic  examination  of  smears  prepared  from  pathological  ma¬ 
terial  permits  rough  deteim  ination  of  whether  or  not  the  process  is  of 
enterococcal  etiology.  The  presence  of  sharply  polymorphic  diplococci 
and  short  chains,  especially  in  ulcerative  discharges,  pus,  or  cerebro- 
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spinal  fluid,  sometimes  makes  It  possible  to  establish  a  preliminary 
diagnosis.  The  final  diagnosis  Is  based  on  Isolation  of  a  pure  culture 
of  the  causative  agent  and  determination  of  Its  species.  The  smears 
must  be  Gram-stained. 

Bacteriological  Investigation 

Pathological  material  Is  usually  examined  for  enterococci  In  the 
same  manner  as  for  Streptococci  In  general  (page  751).  Material  from 
ulcerations,  pus,  urine  sediment,  etc.,  are  cultured  on  dishes  contain¬ 
ing  blood  agar.  Parallel  Cultures  can  also  be  made  on  Belen'kly's  me¬ 
dium  (page  600)  to  permit  differentiation  of  enterococci  from  other 

i 

Streptococci. 

Blood  Is  cultured  In  sugar  broth,  observing  the  usual  rules  for 
this  procedure  (the  amount  of  medium  should  exceed  the  amount  of  cul¬ 
ture  material  by  a  factor  cf  no  less  than  10). 

When  the  material  is  heavily  contaminated  with  extraneous  micro¬ 
organisms  and  contains  relatively  few  enterococci  selective  media,  both 
solid  and  liquid,  are  used.  Haln  and  Perry’s  medium  (page  601),  Henny 
and  Norton's  medium  (page  602),  Shattock  and  Hlrsch's  medium  (page  602), 
Rote's  medium  (page  603),  Weng  Lang -Liu  and  Stuart's  medium  (page  603), 
Lltsky,  Malman,  and  Flfiel'd's  medium  (page  603),  and  O.P.  Kalina's 
"AEM"  medium  (page  6o4). 

Chapman's  medium  (page  601),  Slanetz  and  Bertly's  medium  (page  603), 
and  Kolober  and  Morelll's  medium  are  recommended  solid  medla(p.604)they 
are  poured  lrto  dishes  both  for  direct  culturing  and  for  culturing  from 
liquid  nutritive  media  or  for  raising  bacteria  on  filters.  All  these 
media  retard  the  growth  of  gram-negative  microbes  to  some  extent,  while 
some  of  them  retard  that  of  many  gram-positive  bacteria  (Sarcina,  spor- 
ogenous  anaerobes,  occasionally  Staphylococci,  and,  usually.  Strepto¬ 
cocci  of  other  species).  The  ability  of  a  medium  to  Inhibit  the  develop- 


-  593 


Bent  of  gram-negative  bacteria  results  from  the  presenoe  of  sodium 
azide  or  potassium  tellurite. 

Certain  dyes  (ethyl  or  crystal  violet)  are  added  to  the  media  to 
suppress  the  growth  of  other  gram-positive  bacteria,  but  they  may  also 
hamper  and  retard  the  development  of  enterococci  to  some  degree. 

Considering  the  shortage  of  sodium  azide,  a  liquid  selective  medium 
(the  "AEM"  medium;  see  page  604)  has  been  developed  whose  selectivity  is 
based  on  elevated  alkalinity  (pH  10.2)  and  inclusion  of  polymixin  M  (So¬ 
viet  preparation),  which  retards  the  growth  of  gram-negative  microorgan¬ 
isms,  particularly  E.  coll.  Since  sporogenous  aerobes  and  Sarclna  are 
capable  of  growing,  albeit  slowly,  on  this  medium,  it  is  necessary  to 
make  confirmatory  transplart  s  from  it  to  sugar-yeast  agar  containing 
crystal  violet  in  a  concentration  of  1:800,000. 

Transplants  are  made  from  liquid  selective  media  to  solid  selec¬ 
tive  media  or  to  sugar  or  blood  agar,  depending  on  the  type  of  material 
and  the  extent  to  which  it  is  contaminated  with  extraneous  bacteria, 
after  24,  48  and  72  hr,  taking  into  account  the  slow  growth  of  entero¬ 
cocci  in  general  and  especially  of  those  Isolated  from  pathological  ma¬ 
terial  and  environmental  objects.  The  slight  Inhibiting  action  of  selec¬ 
tive  media  on  enterococci  must  also  be  taken  into  cot side rat ion. 

The  following  criteria  are  employed  in  investigating  the  culture 
thus  Isolated  (Sherman). 

Sherman’s  criteria  are  characteristics  which  clearly  differentiate 
the  enterococcal  group  (except  Str.  bovis)  from  Streptococci  of  other 
serological  groups  (Str.  haemolyticus,  Str.  viridans,  Str.  mitls,  Str. 
salivarlus,  etc.)  and  are  shown  in  Table  48. 

Differentiation  within  the  enterococcal  group.  Table  49  shows  the 
basic  characteristics  suggested  f?r  differentiating  the  individual  spe¬ 
cies  and  varieties  of  enterococci. 
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TABLE  48 

Sherman's  Criteria 
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1)  Characteristics;  2)  enterococci;  3)  Streptococci  of  other  serological 
groups;  4)  growth -temperature  range;  5)  growth  on  media  at  pH  9.6  (con¬ 
taining  0.05  M  NagCo^);  6)  growth  in  nutritive  medium  containing  40# 

bi  e;  7)  growth  in  media  containing  6.5#  sodium  chloride;  8)  growth  in 
milk  containing  0.1#  methylene  blue;  9;  thermorosistance  (at  60°  for  30 
min). 


TABLE  49 

Differentiation  of  Species  of  Enterococci 
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1)  Species;  2)  potassium  tellurite  (1:2500);  3)  reduction  of  2,  3,  5-tri- 
phenyltetrazoline  chloride;  4)  mannitol;  5)  sucrose;  6)  sorbitol;  7) 
arabinose;  8)  rafflnose. 


The  varieties  of  Stre.  faecalis,  var.  zymogenes  and  var.  llquefa- 
ciens,  have  characteristics  Identical  to  those  of  the  parent  strain, 
except  that  the  first  is  capable  of  lyzing  erythrocytes  and  (sometimes) 
liquefying  gelatin,  while  the  second  is  capable  cf  liquefying  gelatin. 

Str.  llquefaciens,  in  addition  to  its  ability  to  liquefy  gelatin, 
is  characterized  by  peptonization  (proteolysis)  of  milk,  which  can  be 
clearly  seen  in  a  solid  medium  containing  molk  and  yeast  autolyzate. 


Indices  of  carbohydrate  metabolism  are  the  most  Indecisive  criter¬ 
ia.  In  addition  to  the  basic  species ,  Morelll  and  Kolober  have  described 
a  large  number  of  varieties  occupying  a  position  between  Str.  faecalls 
and  Str.  faeclum.  Certain  strains  of  Str.  faecium  may  also  be  able  to 
liquefy  gelatine  or  lyze  erythrocytes. 

The  most  reliable  criteria ,  usually  accurate,  are  behavior  with 
respect  to  potassium  tellurite  (Str.  faecalls  grows  In  the  presence  of 
potassium  tellurite  In  a  concentration  of  1:2500,  reducing  It  and  form¬ 
ing  black  colonies;  Str.  faecium  does  not  grow  at  this  potassium  tel¬ 
lurite  concentration,  but  forms  small,  light-colored  colonies  at  a  con¬ 
centration  of  1:5000)  and  reduction  of  2,3j5-trlphenyltetrazolium  chlor¬ 
ide  (TTC).  The  entire  differential  series  shows  negative  characteristics 
for  Str.  durans.  Str.  bovis  is  easily  distinguished  by  the  fact  that  it 
exhibits  none  of  Sherman's  criteria  except  an  ability  to  grow  at  45°  and 
In  broth  containing  40#  bile. 

Detection  of  enterotoxln  in  the  external  environment 

Detection  of  enterococci  in  foodstuffs  is  significant  in  suspected 
food  poisonings,  as  is  occurrence  of  these  bacteria  in  water,  since 
their  presence  is  assumed  to  be  a  supplemental  proof  of  contamination 
In  a  number  of  nations. 

Foodstuffs  are  examined  for  enterococci  by  direct  culturing  on 
dishes  containing  solid  media  (nutritive  sugar  agar,  Belen'kly's  medium, 
or  blood  agar).  Solid  selective  media  containing  penicillin  or  crystal 
violet  (page  599)  are  used  when  the  product  to  be  investigated  Is  heavi¬ 
ly  contaminated  with  gram-positive  flora,  while  media  containing  sodium 
azide  or  polymyxin  N  are  employed  when  It  is  contaminated  with  gram¬ 
negative  flora. 

Cultures  can  simultaneously  be  made  in  liquid  concentration  media, 
taking  Into  account,  however,  the  fact  that  detection  of  enterococci, 
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as  with  other  microorganisms  responsible  for  food  poisonings  (Salmonel¬ 
la,  Staphylococci,  etc.)#  is  significant  only  when  the  product  is  heavi¬ 
ly  contaminated]  the  presence  of  small  quantities  of  enterococci,  de- 
tectible  only  with  liquid  concentration  media,  need  hardly  be  given 
consideration. 

The  investigative  technique  proposed  by  Ray  et  al.,  (1961)  can  be 
employed  when  foodstuffs  are  to  be  examined  in  order  to  determine  whe¬ 
ther  they  are  sanitary  (the  quantity  of  enterococci  is  to  be  established). 

Ray's  procedure  for  examination  of  foodstuffs  for  enteroroccl. 

1.  Ten-fold  dilutions  are  made  up  in  a  concentration  medium  (Rote's 
azide-dextrose  broth;  page  603 )  and  incubated  for  48  hr  at  37°* 

2.  Transplants  of  3  loopfuls  of  material  are  made  from  those  test- 
tubes  in  which  growth  is  detected  to  a  confirmatory  medium  (Litsky, 

Kalman,  and  Fifield's  medium)  and  incubated  at  37*  for  48  hr. 

3.  Streak  cultures  are  made  from  those  tubes  in  which  growth  is 
detected  on  dishes  containing  Barnes'  medium  (TTC-glucose  agar)  and  In¬ 
cubated  at  37*  for  48  hr. 

A)  Colonies  with  red  centers  are  Str.  faecalis  and  its  varieties; 

B)  colorless  colonies  are  Str.  faecium,  Str.  durans,  Str.  bovls,  and 
unclassified  strains. 

A  successful  technique  for  investigating  water  and  foodstuffs  is 
to  culture  ten -fold  dilutions  of  the  material  on  ASM  medium  (page  604) 
and  then  to  make  transplants  of  all  the  dilutions  (regardless  of  whe¬ 
ther  or  not  growth  has  occurred)  to  sectors  of  a  dish  of  nutritive  agar 
containing  crystal  violet  and  triphenyltetrazolium  chloride  (page  605). 
For  further  identification  of  the  species  of  enterococci,  colonies  with 
red  centers  can  (but  need  not)  be  transferred  to  sectors  of  blood 
(page  601)  and  milk  (page  601)  agar,  while  colorless  colonies  are  trans¬ 
ferred  to  a  composite  aeries  (mannitol,  sorbitol,  arabinose,  and  raffin- 
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ose). 

Reliable  differentiation  of  enterococci  from  Str.  lactis  Is  of  de- 
clsl"e  Importance  In  Investigating  milk  products.  Since  Str.  lactis 
does  not  grow  at  45*  and  has  little  resistance  to  a  severely  alkaline 
medium  pH,  an  effective  method  of  isolating  enterococci  mixed  with  this 
bacterium  Involves  culturing  in  Chesborough  and  Ivens '  medium,  modifi¬ 
cations  of  this  medium,  or  ARM  medium  (page  604)  and  Incubation  at  45°. 
j 

|  When  culturing  water,  especially  for  the  purpose  of  making  a  quan- 

'  tltatlve  determination  of  enterococci,  cultures  In  liquid  selective  me- 

i 

dla  are  of  decisive  importance.  Titration  is  carried  out  in  the  manner 
usually  employed  for  E.  coll.  The  membrane  method,  which  involves  fil¬ 
tration  of  different  quantities  of  material  (different  dilutions  in  the 
case  of  contaminated  water)  through  membrane  filters,  which  are  then 
placed  on  solid  selective  media  (slanetz  and  Bertly's  medium.  Chapman's 
medium,  or  Kolober  and  Morelli's  medium),  is  a  convenient  technique  for 
determining  the  enterococcal  index  of  water. 

Accelerated  methods  for  bacteriological  examination 

Enterococci  grow  slowly,  even  on  media  quite  favorable  to  their 
development.  The  results  are  usually  evaluated  no  less  than  36-48  hr  af¬ 
ter  culturing,  during  which  time  the  material  is  Incubated  at  37®  or 
45*  (the  selective  temperature).  All  procedures  which  promote  the  forced 
development  of  enterococci  are  consequently  to  be  welcomed, as  techniques 
for  accelerating  the  diagnosis  of  enterococcal  diseases  and  the  detec¬ 
tion  of  enterococci  in  environmental  objects.  Addition  of  2-3#  yeast 
autolyzate  or  extract  substantially  accelerates  enterococcal  growth. 
Morelll  and  Kolober  suggested  that  relatively  anaerobic  culturing  con¬ 
ditions  be  created  on  a  solid  medium  to  permit  accelerated  development 
of  enterococci,  the  results  being  evaluable  within  8-14  hr.  This  is 
done  by  placing  a  membrane  filter  through  which  the  enterococcus -con- 
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taining  material  has  been  passed  on  the  bottom  of  a  dish  and  flooding  it 
with  esculin  medium  (page  604).  The  layer  of  medium  should  be  no  more 
than  2-3  mm  thick. 

Black  enterococcal  colonies  can  be  detected  on  the  surface  of  the 
filter  within  8  hr  and  are  especially  distinct  when  the  dish  is  illum¬ 
inated  with  a  powerful  light  source.  Since  only  enterococci  form  black 
colonies  on  the  medium,  a  colony  count  and  rough  microscopic  examination 
of  selected  colonies  make  it  possible  to  obtain  results  within  10-14  hr. 

One  of  the  most  reliable  criteria  of  whether  a  given  bacterium  be- 
iotts  to  the  enterococci  (provided  that  its  morphology  is  appropriate) 

; s  whether  it  reduces  methylene  blue  in  milk.  In  order  to  accelerate 
this  reaction,  which  usually  requires  two  days,  it  is  recommended  that 
a  day-old  agar  culture  of  the  microbe  to  be  investigated  be  washed  with 
milk  containing  methylene  blue  and  the  washings  poured  over  butter.  Com¬ 
plete  or  almost  complete  (in  the  lower  2/3  of  the  test-tubes)  reduction 
of  the  dye  and  decclorizatlon  of  the  milk  take  place  within  2-4  hr. 
Nutritive  Media 
Differential  diagnostic  media 

Chtsborough  and  Ivens »  medium  (1959).  The  basic  medium  contains 
4  g  of  tryptone,  2  ml  of  yeast  extract,  4  g  of  glucose,  1  g  of  sodium 
chloride,  and  100  ml  of  distilled  water.  A  0.02  M  solution  of  NagCO^  in 
100  ml  of  distilled  water  and  KgHPO^  in  100  ml  of  water  are  made  up 
separately.  The  basic  medium  and  the  two  solutions  are  sterilized  under 
a  pressure  of  1  atm  for  12  min.  All  the  ingredients  are  combined  under 
aseptic  conditions,  the  mixture  is  brought  to  pH  9,6-10.0  with  2  N  NaCH 
or  sufficient  distilled  water  is  added  to  make  400  ml,  and  por¬ 

tions  of  5  ml  are  poured  into  test-tubes  under  sterile  conditions.  En¬ 
terococci  grow  on  this  medium,  producing  a  diffuse  turbidity,  but  no 
other  Streptococci  will  develop. 
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Modified  Chesborough  and  I vena  1  medium  (Q.P.  Kalina).  The  tryptone 
and  distilled  Mater  In  the  basic  medium  are  replaced  by  100  ml  of  meat* 
Infusion  broth,  while  2  ml  of  yeast  autolyzate  Is  substituted  for  the 
yeast  extract.  It  Is  expedient  to  add  0.8  ml  of  1.6>  alcoholic  bromthy- 
mol  blue  to  the  medium  after  its  ingredients  have  been  mixed  In  order 
to  permit  evaluation  of  culture  growth  (turbidity)  and  of  acid  formation 
from  glucose  decomposition. 

Bile  broth.  A  total  of  40  ml  of  bovine  bile  Is  added  to  60  ml  of 
nutritive  broth  and  the  mixture  is  poured  into  tast-tubes  and  sterilized 
under  a  pressure  of  1  atm  for  10  min. 

D.E.  Belen'kiy  and  N.N.  Popova^  medium  (1925).  A  total  of  40  ml 
of  bile  Is  added  to  60  ml  of  2.5$  nutritive  agar  and  the  mixture  is 
sterilized  under  a  pressure  of  1  atm  for  10  min;  the  agar  Is  cooled  to 
50*,  mixed  with  5  ml  of  def lbrinated  or  citrated  blood,  and  poured  Into 
dishes. 

Medium  containing  6.5#  sodium  chloride.  A  weighed  batch  of  6  g  of 
idium  chloride  is  dissolved  in  a  small  amount  of  distilled  water,  ster¬ 
ilized  under  a  pressure  of  1.5  atr<  for  2)  min,  and  mixed  with  100  ml  of 
nutritive  broth  or  glucose  broth;  5  ml  portions  are  poured  Into  test- 
tubes  under  sterile  condition  . 

Milk  containing  methylene  blue  for  determlnat lcn  of  reductive  char¬ 
acteristics.  Portions  of  5  ml  of  sterile  milk  (whole  If  possible,  since 
a  layer  of  cream  on  the  surface  of  the  medium  aids  in  creating  rela¬ 
tively  anaerobic  conditions  favorable  to  enterococci)  are  poured  into 
test-tubes  and  0.1  ml  of  1 %  (according  to  Scadhog)  or  5$f  (according  to 
Sherman)  methylene  blue  is  added  to  each  tube  under  aseptic  conditions. 

Medium  for  detection  of  proteolysis  in  milk.  This  medium  contains 
80  ml  of  2%  meat-infusion  agar,  2  ml  of  yeast  autolyzate,  and  20  ml  of 
Bilk. 
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The  molten  nutritive  agar,  containing  the  yeast  autolysate,  j.s 
mixed  with  the  milk,  and,  after  thorough  stirring,  poured  Into  dishes 
In  a  thin  layer. 

Barnes 1  medium  containing  2,3.5-trlphenyltetrazolluro  chloride  (TTC) 
(1956).  This  medium  contains  1  g  of  Ivens  peptone,  1  g  of  Lemko  LAT, 

0.5  g  of  sodium  chloride,  1.2  g  of  agar-agar,  and  100  ml  of  distilled 
water;  the  pH  of  the  mixture  Is  adjusted  to  6. 0-6.1  and  It  la  sterilized 
at  1.5  atm  for  20  min.  A  total  of  1  g  of  glucose  and  0.01  g  of  TTC  are 
dissolved  separately  In  a  small  quantity  of  water  and  sterilized  In  run- 
ung  steam  for  30  min.  Meat -Infusion  broth  containing  2 %  yeast  autoly- 
: ate  can  be  successfully  substituted  for  the  Ivens  peptone  ar.d  Lemko 
LAB.  Colonies  of  Str.  faecalis  have  cherry-red  centers,  while  those  of 
other  enterococcal  species  are  colorless. 

Medium  containing  potassium  tellurite.  Immediately  before  portion¬ 
ing  Into  dishes  100  ml  of  1.2#  meat-lnfuslon  agar  at  pH  7.2  containing 
2 %  yeast  autolyzate  Is  mixed  with  0.04  g  of  potassium  tellurite  prelim¬ 
inarily  dissolved  In  a  small  amount  of  distilled  water.  The  temperature 
of  the  agar  should  not  be  above  50*,  since  potassium  tellurite  decom¬ 
poses  at  higher  temperatures. 

Selective  media 

Ha  In  and  Perry's  medium  (1943).  This  medium  contains  2  g  of  bacto- 
tryptone,  0.5  g  of  sodium  chloride,  0.5  g  of  glucose,  0.4  g  of  KgHPC^, 
0.15  g  of  KH2P0^,  0.05  g  of  sodium  azide  (NaN^)«  0.2  ml  of  1.6#  alcc- 
hollo  bromcresol  purple,  and  100  ml  of  distilled  water.  It  Is  sterilized 
at  1  atm  for  15  min. 

Chapman's  medium.  This  medium  contains  1  g  of  bactotryptose,  0.5  g 
of  No.  3  peptone  bactoprotease,  5  g  of  sucrose  (e.g. ,  table  sugar), 

1.5  g  of  bacterial  agar,  0.1  g  of  dextrose,  0.4  g  of  anhydrous  KgHPO^, 
0.75  ml  of  1%  trypan,  0.08  ml  of  0.1J*  crystal  violet,  and  100  ml  of  dls- 


tilled  water.  The  mixture  la  sterilized  at  1  atm  for  15  min.  After  it 
has  cooled  to  50-55*  potassium  tellurite  dissolved  In  a  small  amount  of 
water  is  added  to  produce  a  final  concentration  of  1:2500  and  the  me¬ 
dium  is  poured  into  dishes. 

Henny  and  Norton's  medium  (1947);  the  American  standard  for  Inves¬ 
tigation  of  drinking  wat3T»).  This  medium  contains  1  g  of  peptone,  0.5  g 
of  sodium  chloride,  0.2  g  of  KgHPC^,  0. 5  g  of  glucose,  0.3  g  of  yeast 
extract,  0.025  g  of  sodium  azide,  0.2  ml  of  1.6^  alcoholic  bromcresol 
purple,  and  100  ml  of  distilled  water;  the  pH  of  the  mixture  is  adjust¬ 
ed  to  6.6-6. 8  and  portions  of  5  ml  are  poured  into  test-tubes  and  ster¬ 
ilized  at  1  atm  for  15  min.  For  culturing  large  quantities  of  material 
(such  as  water)  the  medium  is  made  up  double  strength  and  poured  out  in 
portions  of  10  and  50  ml,  doubling  the  quantity  of  test  liquid  used  to 
dilute  the  medium. 

Shattock  and  Hlrsch's  medium  (1947).  Solution  I  contains  1  g  of 
Lemko  dextrose  broth,  1  g  of  Lemko  LAB,  1  g  of  Ivens  peptone,  0-5  g  of 
t  idium  chloride,  and  100  ml  of  tap  water;  its  pH  is  adjusted  to  7.0  and 
it  is  sterilized  at  1  atm  for  15  min.  Solution  II  contains  Clark's  buf¬ 
fer  solution,  0.7505  g  of  glycine,  0, 585  g  of  sodium  chloride,  and  100 
ml  of  freshly  toiled  distilled  water.  Six  parts  of  this  solution  are 
mixed  with  four  parts  of  10  N  sodium  hydroxide.  A  total  of  10  ml  of 
solution  II  is  added  to  90  ml  of  solution  I  and  the  pH  of  the  mixture 
is  adjusted  to  9.6  with  one-normal  sodium  hydroxide.  It  is  then  left  to 
stand  overnight  in  a  stoppered  flask  under  refrigeration  to  permit  com¬ 
plete  settling,  filtered  through  a  Zeitz  filter,  and  quickly  poured  into 
flasks  under  aseptic  conditions,  leaving  as  small  an  air  space  as  pos¬ 
sible.  The  medium  is  ready  for  use  after  48  hr.  An  uninoculated  control 
flask  must  be  set  aside  and  its  pH  determined  before  and  after  incuba¬ 
tion.  The  alkalinity  of  the  medium  should  not  drop  by  more  than  0.04. 
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Str.  durans  and  Str.  bovis  will  not  grow  on  this  medium. 

Rote*s  medium  (1948).  This  medium  contains  1.5  g  of  Dlfco  tryptose, 
0.45  g  of  Dlfco  meat  extract,  1.5  g  of  dextrose,  1.5  g  of  sodium  chlor¬ 
ide,  0.02  g  of  sodium  azide,  and  100  ml  of  distilled  water;  the  pH  of 
the  mixture  Is  adjusted  to  7*2. 

Weng  Lang -Liu  and  Stuarts  medium  (1951).  This  medium  contains  0.7  g 
of  Dlfco  tryptone,  0.3  g  of  tryptose,  0.4  g  of  KgHPO^,  0.5  g  of  glucose, 
0.5  g  of  yeast  extract,  0.04  g  of  sodium  azide,  0.1  ml  of  1.6£  brothy- 
mol  blue,  and  100  ml  of  distilled!  water;  the  mixture  Is  sterilized  at 
1  atm  for  15  min. 

Lltsky,  Mai  man,  Flfleld^  concentration  medium  (1953).  This  medium 
contains  2  g  of  Dlfco  tryptose,  1.5  g  of  dextrose,  0.5  g  of  sodium 
chloride,  0.27  g  of  KgHPO^,  0. 27  g  of  KHgPO^,  0.02  g  of  sodium  azide, 
and  100  ml  of  distilled  water. 

Lltsky.  Malman ,  and  Flfleld's  confirmatory  medium  (1953).  This  me¬ 
dium  has  the  same  composition  as  the  preceding  one,  but  contains  0.04  g 
of  sodium  azide  and  sufficient  l£  ethyl  violet  to  give  a  final  concen¬ 
tration  of  1:1,200,000  (or  sufficient  crystal  violet  to  give  a  final 

j 

concentration  of  1:800,000).  The  material  to  be  Investigated  Is  cul¬ 
tured  in  the  concentration  medium  for  48  hr  and  3  loopfuls  are  then 
transferred  to  the  confirmatory  medium  for  48  hr. 

Slanetz  and  Bertly’s  medium  (1957).  This  medium  contains  2  g  of 
Dlfco  tryptose,  0.5  g  of  yeast  extract,  0.2  g  of  glucose,  0.4  g  of  po¬ 
tassium  phosphate,  0. 04  g  of  sodium  azide,  0.01  g  of  2,3»5-trlphenylte- 
trazollum  chloride  (TTC),  1  g  of  agar-agar,  and  100  ml  of  distilled  wa¬ 
ter.  The  first  5  Ingredients  are  dissolved  in  the  water,  the  pH  Is  ad¬ 
justed  to  7.2 ,  the  agar  is  added,  the  mixture  Is  boiled  until  the  agar 
melts  and  then  slightly  oooled,  the  TTC  Is  added  (as  a  1%  solution), 
and  the  medium  Is  poured  Into  sterile  dishes.  The  authors  do  not  men- 

-  603  - 


/ 

V 


* 

tlon  sterilization.  This  is  a  good  medium  for  raising  enterococci  on 
membrane  filters. 

Modification  of  foregoing  medium.  The  Difco  tryptose  can  be  re¬ 
placed  by  meat-infusion  broth  with  no  detriment  to  the  results:  2  g  of 
yeast  autolyzate  can  be  used  Instead  of  the  0.5  g  of  yeast  extract. 

Lolober  and  Morelll's  selective  medium  (1958).  A  weighed  portion 
of  250  g  of  beef  heart,  cleaned  of  fat  and  connective  tissue,  is  cut 
into  small  pieces  and  ground  in  a  mortar  with  200  ml  cf  distilled  water 
to  produce  a  liquid  paste;  200  g  of  dememb rani zed  beef  brain  and  an 
additional  200  ml  of  water  are  then  added  and  the  mixture  is  ground  to 
a  homogeneous  mass.  It  is  then  transferred  to  a  pot,  the  residue  is 
washed  frcm  the  mortar  with  400  ml  of  distilled  water,  which  is  also 
poured  into  the  pot,  and  the  contents' of  the  latter  are  boiled  for  10 
min,  stirring  from  time  to  time.  The  mass  is  filtered  through  hygrosco¬ 
pic  cotton,  sufficient  distilled  water  is  added  to  the  filtrate  to  bring 
it  to  800  ml,  and  it  is  placed  over  a  burner;  10  g  of  Vaillant’s  peptone 
B,  5  8  or  sodium  chloride,  2.5  g  of  Na2HP0(tj«12H2O,  2.5  g  of  glycine,  and 
1  r>  g  of  agar-agar  are  added  to  it  and  its  pH  is  adjusted  to  9.2  with 
50%  sodium  hydroxide,  carefully  boiling  it  until  the  agar  dissolves.  A 
total  of  2.25  g  of  sodium  azide,  1  g  of  esculln,  and  2  g  of  ferrous  ci¬ 
trate  are  dissolved  separately  in  200  ml  of  water.  The  cooled  solution 
is  mixed  with  the  basic  medium,  sufficient  distilled  water  is  added  to 
bring  the  total  volume  to  1000  ml,  the  pH  is  checked  (9.2  is  correct), 
and  the  medium  is  poured  into  flasks  and  sterilize 3  at  115*  for  20  min. 
The  pH  should  be  9.0  after  sterilization.  The  finished  medium  is  poured 
into  dishes  and  the  residue  is  carefully  decanted. 

Alkaline  enterococcal  medium  (ABM)  for  concentration  of  enterococ¬ 
ci  frcm  highly  contaminated  environmental  objects  and  feces  (Q.P.  Kall- 
lna).  This  medium  is  a  modified  Chesborough  and  Ivans'  medium  (page  599) 
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altered  In  the  following  manner:  Its  pH  is  adjusted  to  10.2.  The  pH  can 
be  determined  with  0.1#  phenolphthalein  In  a  buffered  solution  contain¬ 
ing  0.72  g  of  NagCO^'lOHgO  and  0.21  g  of  NaHCO^*  using  doses  of  100  ml 
(3  drops  in  5  ml).  The  antibiotic  polymyxin  M  is  added  (after  all  other 
ingredients  have  been  mixedO  to  produce  a  final  concentration  at  200 
unit s/ml. 

Material  is  transferred  from  this  medium  to  meat-infusion  agar 
containing  1#  glucose,  2%  yeast  autolyzate,  crystal  violet  in  a  concen¬ 
tration  of  1:800,000,  and  0.01#  2,3,5-triphenyltetrazolium  chloride 
(TIC). 

r'YCOTIC  FOOD  POISONING 

Yu. I.  Rubinshteyn,  Candidate  of  Biological  Sciences 

Mycotic  food  poisonings  are  intoxications  resulting  from  the  con¬ 
sumption  of  food  containing  toxins  of  fungal  origin.  Mycoses  are  associ¬ 
ated  principally  with  damage  to  grain  crops  by  microscopic  fungi,  which 
produce  toxic  substances  resistant  to  high  temperatures  under  favorable 
temperature  and  humidity  conditions. 

The  causative  agents  of  mycotoxlcoses  in  man  are  primarily  members 

of  the  subdivision  Sporotrlchlella  of  the  genus  Fusarlum. 

Morphology  and  biology  of  the  causative  agents  of  mycotoxlcosls ;  cul¬ 
tural  characteristics 

The  principal  traits  used  for  identification  cf  the  subgenera,  spe¬ 
cies,  and  varieties  of  fungi  included  in  the  genus  Fusarlum  are  cultur¬ 
al  characteristics  (character  of  growth  and  pigmentation),  conidial  mor¬ 
phology,  and  typs  of  sporulation.  The  species  of  the  genus  Fusarlum  are 
among  the  conidial  fungi;  the  structure  of  the  conidial  s>orulation  or¬ 
gans  is  one  of  the  most  Important  characteristics  for  differentiating 
these  species.  It  is  necessary  to  use  various  nutritive  media  to  detect 
sporulation  (see  page  622)  and  one  is  sometimes  forced  to  make  cultures 
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on  a  series  of  media;  there  are  cultures  which  will  not  exhibit  sporu 
latlon  and  consequently  must  remain  unidentified. 


In  studying  Pusarla  it  is  necessary  to  Isolate  as  many  cultures  as 
possible  frcn  the  substrate  under  investigation,  in  order  to  obtain 
strains  which  sporulate. 

When  examining  grain  for  Fusarium  damage  one  cannot  be  content 
with  determining  merely  the  genus.  It  is  necessary  to  establish  the 
subgenus,  species,  and  variety  of  Fusarium  causing  the  Injury  and  in  or¬ 
der  to  do  so  one  must  first  obtain  a  culture  displaying  typical  spol¬ 
iation. 

The  species  of  the  genus  Fusarium  vary  in  their  formation  of  aer¬ 
ial  mycella;  the  latter  may  be  highly  or  poorly  developed  or  entirely 
absent,  in  which  case  only  a  pyonnota  (a  continuous  mucoid  layer  on  the 
surface  of  the  medium)  is  formed. 

The  pigment  produced  on  different  nutritive  media  is  one  of  the 
characteristics  used  for  distinguishing  the  subgenera.  The  media  used 
for  determining  pigmentation  usually  Include  Chapek's  medium,  potato 
agar  containing  2 %  glucose  (FAQ),  sices  of  potato,  and  rice  grains.  The 
simplest  and  least  variable  index  is  the  pigment  formed  on  rice,  which 
is  determined  in  15-day  cultures. 

Laboratory  Diagnosis  of  Ffrcotoxlcosls 

The  toxicity  of  grain  crops  overwintered  in  the  field  and  of  pro¬ 
ducts  manufactured  from  them  is  determined  in  accordance  with  Instruc¬ 
tion  No.  209-59,  adopted  by  the  Ministry  of  Public  Health  USSR  in  1959. 
Material  to  be  investigated;  taking  of  samples 

drain  overwintered  in  the  field  (millet,  wheat,  polygonum,  oats, 
barley,  and  other  crops),  as  well  as  flour,  bran,  bread,  and  other  pro¬ 
ducts  suspected  cf  having  been  prepared  from  overwintered  grain,  are 
investigated. 
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Samples  are  taken  from  each  incoming  batch  of  overwintered  grain, 
in  accordance  with  State  Standard  3040-55. 

Method  of  taking  and  rating  grain  samples. 

Grain  left  in  the  field  in  windrows  or  as  a  standing  crop  is  sam¬ 
pled  in  the  following  manner. 

a)  If  the  grain  has  been  left  standing  under  a  snow  cover  areas  of 
1  m  of  grain  are  cut  at  5-10  points  in  the  field  (or  more,  depending 
on  the  size  of  the  field  of  unharvested  grain);  the  grain  is  air-dried 
in  sheaves  and  hand -threshed. 

b)  If  the  grain  is  left  in  windrows  until  the  fall-winter  or  spring 
period  (under  a  snow  cover)  areas  of  1  m  of  grain  are  cut  at  5-10 
points  in  the  field  (or  more,  depending  on  the  size  of  the  unharvested 
field),  sheaved,  dried,  and  threshed  (see  Paragraph  a). 

c)  If  the  grain  is  intended  for  late  harvest  or  has  been  overwin¬ 
tered  under  a  snow  cover  it  is  harvested  with  a  combine  and  stored  af¬ 
ter  threshing,  samples  being  taken  in  accordance  with  State  Standard 
No.  3040-55. 

All  the  samples  should  be  labeled  with  the  following  information: 
a)  sampling  site  (oblast,  rayon,  sovkhoz,  kolkhoz);  b)  name  of  grain 
crop  (millet,  wheat,  etc.);  c)  origin  of  sample  (standing  grain, 
sheaves,  storehouse);  d)sampling  date;  e)  size  of  batch,  if  sample  has 
been  taken  from  stored  grain. 

The  samples  are  sent  to  the  nearest  public-health  food  laboratory 
for  examination,  indicating  the  rayon  in  which  the  grain  was  overwin¬ 
tered,  the  quantity  of  grain  from  which  the  sample  was  taken,  the  samp¬ 
ling  site  and  date,  and  the  weight  of  the  sample. 

A  weighed  specimen  of  approximately  100  g  is  taken  from  the  sample 
to  be  investigated,  dried  at  30-40°  for  24  hr,  and  ground. 
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Biological  testing  (determination  of  toxicity  In  grain) 

An  extract  Is  obtained  by  soaking  50  g  of  the  ground  material  In 
pure  ethyl  ether  In  a  Soxhlet  apparatus  for  6  hr.  After  the  ether  has 
been  refluxed  the  tincture  Is  transferred  tc  a  Jar  or  wide-mouthed 
test-tube  and  the  ether  Is  evaporated  at  40-50°. 

When  no  Soxhlet  apparatus  is  available  50  g  of  the  ground  mater¬ 
ial  Is  placed  In  a  bottle  and  flooded  with  ethyl  ether  in  such  fashion 
that  It  la  covered  to  a  depth  of  1-2  cm.  Extraction  Is  continued  for 
1-3  days  at  room  temperature,  periodically  shaking  the  mixture,  and  the 
extract  Is  then  filtered  and  the  ether  evaporated  at  a  temperature  of 
no  more  than  40-50° . 

The  extract  is  tested  by  setting  up  a  dermal  reaction  In  rabbits. 

Preparation  of  the  animal.  Rabbits  weighing  no  less  than  1.5  kg, 
with  unpigmented  skin,  are  suitable  for  the  test.  An  area  of  skin  3x3 
cm  in  size  is  carefully  shaved  for  each  experiment.  No  more  than  4  or  5 
reactions  can  be  set  up  on  each  side  of  the  animal's  body  and  the 
f  aved  areas  should  be  at  least  2  cm  apart.  The  shaving  Is  done  on  the 
day  before  the  test;  traumatized  areas  are  unsuitable  for  the  reaction. 

Procedure  for  dermal  reaction.  Extract  obtained  in  the  manner  des¬ 
cribed  above  is  applied  to  the  animal's  skin  twice,  at  an  interval  of 
24  hr;  reactions  are  simultaneously  conducted  in  2  rabbits.  A  glass 
spatula  is  used  to  apply  the  extract,  which  is  gently  spread  In  a  uni¬ 
form  layer  over  the  shaved  area.  Two  controls  are  set  up  to  determine 
each  rabbit's  reactivity,  employing  extracts  prepared  from  good  grain 
(negative  control)  and  from  highly  toxic  grain  (positive  control). 

In  order  to  keep  the  animal  from  licking  off  the  extract  a  heavy 
cardboard  collar  is  placed  about  its  neck  after  the  first  application 
of  extract  and  removed  24  hr  after  the  second  application. 

Determination  of  results  of  dermal  reaction.  The  character  of  the 
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dermal  reaction  varies. 

a)  When  the  reaction  Is  negative  there  are  no  Inflammatory  changes 
and  the  skin  remains  normal  or  occasionally  exhibits  slight  exfolia¬ 
tion,  which  disappears  after  1  or  2  days. 

b)  When  the  reaction  is  positive  edema,  erubescence,  and  yellowing 
of  the  skin  develop  within  24  hr  after  the  extract  is  applied,  although 
sometimes  requiring  as  long  as  3-5  days  to  appear,  and  a  superficial 
necrotic  process  sets  in,  subsequently  forming  a  necrotic  crust. 

c)  A  doubtful  reaction  Is  accompanied  by  development  of  slight 
?dema  and  erubescence,  followed  by  yellowing  but  not  by  formation  of  a 
necrotic  crust.  In  such  cases  it  is  necessary  to  repeat  the  Investiga¬ 
tion  with  a  second  extract  prepared  from  the  same  sample.  A  second 
doubtful  reaction  is  regarded  as  positive,  while  a  negative  reaction 
following  a  doubtful  reaction  is  considered  to  be  negative.  The  rabbit 
is  kept  under  observation  for  7  days  when  a  doubtful  reaction  is  ob¬ 
tained. 

The  method  adopted  by  the  Ministry  of  Public  Health  USSR  in  1959 
must  be  used  for  checking  the  toxicity  of  late-threshed  grain  left  in 
the  field  during  heavy  rains  or  early  snows.  Such  grain.  Just  like  that 
overwintered  in  the  field,  is  investigated  by  skin  testing  in  rabbits. 
Since  the  dermal  reaction  in  rabbits  may  not  be  as  clear  in  such  cases 
as  when  testing  overwintered  grain,  supplemental  experiments  involving 
feeding  of  the  grain  to  cats  must  be  carried  out  if  the  dermal  reaction 
is  inconclusive. 

Experiments  on  cats  are  specific  for  detection  of  grain  uaraaged  by 
Pus.  sporotrichiella,  which  may  cause  a  toxic  alimentary  aleukia.  Each 
specimen  is  tested  in  2  cats  weighing  1.5-2  kg.  Before  the  experiment 
the  animals  are  weighed,  their  temperatures  are  taken,  and  a  clinical 
analysis  (hemoglobin,  number  of  erythrocytes  and  leucocytes  per  mm^ 
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leucocytic  formula,  and  sedimentation  rate)  la  made  of  their  blood; 
blood  samples  are  collected  by  making  a  small  Incision  In  the  ear.  The 
experiment  laats  for  one  month,  during  which  period  the  animals  are  fed 
the  grain  to  be  tested  In  a  dally  dose  of  10  g  per  kg  of  body  weight. 

The  ground  grain  is  fed  as  a  cereal  or  mixed  with  meat  and  soup  (the 
cats  are  kept  on  a  normal  diet). 

The  animals  '  condition,  temperature,  and  weight  are  observed 
throughout  the  experimental  period  (they  are  weighed  no  less  than  once 
a  week).  Consideration  must  be  given  to  the  condition  of  the  gastroin¬ 
testinal  tract  (vomiting,  diarrhea),  the  occurrence  of  bloody  discharges 
from  the  nose  and  mouth,  the  state  of  the  gums  (bleeding),  and  the  ap¬ 
pearance  of  cutaneous  hemorrhages,  convulsions,  paralysis,  or  disrup¬ 
tions  of  motor  coordination.  Systematic  hematological  Investigations 
are  conducted  at  intervals,  depending  on  the  animals'  condition  and  he¬ 
matological  Indices. 

A  pathologoanatomic  autopsy  must  be  carried  out  when  an  animal 
dies;  pathohiatological  investigation  of  the  internal  organs,  brain,  and 
bone  marrow  is  desirable  if  facilities  are  available. 

Development  of  leucopenia  and  anemia,  general  exhaustion,  disor¬ 
ders  of  the  gastrointestinal  tract,  and  other  symptoms,  or  of  leucopen¬ 
ia  alone,  with  no  accompanying  clinical  symptoms,  indicates  that  the 
grain  under  investigation  is  toxic. 

Experiments  on  pigeons.  Pigeons  are  very  sensitive  to  the  toxins 
produced  by  Pus.  sporotrichiella.  Birds  weighing  250-350  g  are  used  to 
determine  the  toxicity  of  grain,  feeding  them  daily  portions  of  2-3  g 
for  14  days.  Each  sample  is  tested  on  2  pigeons  (which  are  kept  in  sep¬ 
arate  cages).  The  bottom  of  each  cage  is  lined  with  a  piece  of  clean 
white  paper,  on  which  the  water  dish  is  placed.  The  birds  react  with 
vomiting  from  15-30  min  to  4-12  hr  after  being  fed  the  grain,  depending 
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on  its  toxicity.  Vomitus  shows  up  clearly  on  the  white  paper,  which 
should  be  changed  daily.  A  liquid  stool  is  noted  in  some  cases;  highly 
toxic  grain  causes  the  pigeons  to  die.  When  no  reaction  develops  within 
14  days  the  observation  period  Is  continued  for  5  days  after  the  last 
feeding  of  the  grain  under  study  and  its  toxicity  is  then  evaluated. 
Mycological  investigation 

Cultures  for  detection  of  superficial  and  Internal  damage  to 
grain.  Chapelt' s  medium,  potato  agar  containing  glucose,  and  moisture 
chambers  containing  filter  paper  are  used  for  isolating  fungi  of  the 
.^enus  Fusarium  from  grain. 

In  order  to  detect  surface  contamination  portions  of  10  grains 
are  placed  on  Petri  dishes  containing  the  aforementioned  media.  The 
grains  are  arranged  so  as  to  be  equidistant  and  a  total  of  no  fewer 
than  200  grains  is  investigated.  The  dishes  are  placed  (right  side  up) 
In  a  heater  at  18-22° ;  the  fungal  colonies  growing  around  each  grain 
are  examined  after  3-5  days.  The  total  yield  is  determined  on  the  5th 
day  of  growth  by  counting  the  number  of  grains  affected  by  a  given  fun¬ 
gus,  summing  the  numbers  for  each  species  of  fungus,  and  calculating 
the  percentage  contamination  from  the  initial  number  of  grains.  Grains 
are  also  spread  out  in  Petri  dishes  containing  filter  paper  previously 
cut  to  the  size  of  the  dishes  and  sterilized.  The  paper  is  wetted  with 
sterile  water  and  10-20  grains  are  placed  on  it;  a  total  of  200  grains 
is  laid  out  and  the  dishes  are  incubated  at  18-22°.  They  are  inspected 
daily  and  fresh  sterila  water  is  added,  taking  care  that  the  paper  is 
always  kept  moist.  Fusaria  grow  on  the  filter  paper,  forming  white, 
reddish,  or  red  mycelia;  good  growth  and  pigmentation  are  usually  ob¬ 
served  after  5-10  days. 


In  order  to  obtain  pure  cultures  Fusaria  are  transplanted  from  any 
nutritive  medium  to  Chapek  agar  slants  or  glucose-containing  potato 


agar;  white,  reddish,  and  red  colonies  are  used  for  transplantation, 
taking  as  large  a  quantity  of  material  as  possible.  After  Incubation 
at  18-22°  for  5-7  days  colonies  from  the  test-tube  are  examined  micro¬ 
scopically;  pure  cultures  are  subjected  to  further  Investigation. 

In  order  to  detect  Internal  (deep)  damage  the  grains  are  treated 
by  one  of  the  methods  described  below  to  kill  the  superficial  micro¬ 
flora  before  being  spread  out  on  medium-containing  dishes.  In  treatment 
with  mercuric  chloride  (1:1000)  200  grains  are  placed  In  a  Jar,  suffi¬ 
cient  mercuric  chloride  is  added  to  cover  them,  and  they  are  soaked  for 
2  min  (gently  shaking  them  all  the  while);  they  are  then  rinsed  with 
sterile  water  or  cooled  freshly-boiled  water  and  dried  between  sheets 
of  filter  paper.  In  treatment  with  0.5X  potassium  permanganate  the 
grains  are  soaked  for  20  min,  thrice  rinsed  with  water,  and  dried  in 
the  same  manner  as  after  treatment  with  mercuric  chloride.  In  treatment 
with  alcohol  (70°)  the  grains  are  soaked  for  1-3  min,  thrice  rinsed 
with  water,  and  dried  in  the  manner  described  above.  Grains  treated  by 
one  of  these  methods  are  cut  in  half  with  a  sterile  scalpel,  which  is 
flamed  before  cutting  each  grain;  the  halves  are  placed  cut  side  down 
on  a  nutritive  medium  (10-20  per  dish)  and  the  dishes  are  incubated  at 
18-22°.  The  colonies  are  counted  after  7-8  days,  depending  on  the 
growth  rate.  All  growing  Pusaria  cultures  are  transferred  to  test-tubes 
containing  Chapek  agar  slants  and  potato  agar  with  glucose. 

Both  superficial  and  internal  damage  must  be  .taken  into  account 
in  evaluating  the  quality  of  the  grain;  it  is  generally  easier  to  ob¬ 
tain  pure  Pusaria  cultures  from  treated  grain. 

In  order  to  isolate  Pusaria  from  flour  a  small  quantity  of  the 
latter  is  taken  on  the  tip  of  a  sterile  scalpel  and  placed  in  heaps 
(8-10)  on  Chapek' s  medium.  The  colonies  are  raised  and  transplanted  in 
the  same  manner  as  when  investigating  grain. 


£ 
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Determination  of  subgenera,  species,  and  varieties  of  Pusaria. 


The  Fusarla  cultures  raised  on  the  Chapek  agar  and  the  glucose-contain- 
ing  potato  agar  are  examined  microscopically  and  compressed-drop  speci¬ 
mens  are  prepared  in  tap  water  or  physiological  solution  from  those 
tubes  in  which  no  extraneous  growth  is  noted.  Freshly  prepared  speci¬ 
mens  are  examined  with  a  dry  system;  when  weak  objectives  are  used  it 
is  necessary  to  lower  the  condenser,  which  gives  a  clearer  image  of 
the  hyphae  and  spores.  For  better  observation  It  Is  recommended  that 
blue  or  matte  filters  be  inserted  into  the  condenser-diaphragm  adapter, 
f  the  culture  is  found  to  be  pure  it  is  transplanted  to  various  media 
for  determination  of  the  subgenera  and  species  of  the  genus  Fusarlum. 

If  extraneous  microorganisms  are  detected  the  culture  must  be  immed¬ 
iately  purified,  since  other  fungi,  growing  rapidly,  will  otherwise 
suppress  the  Fusarla  and  make  it  impossible  to  obtain  the  strain  in 
question  in  pure  form. 

Cultures  are  purified  by  transplantation  to  dishes  containing  Cha- 
pek's  medium.  A  small  piece  of  a  mycelium  is  placed  in  a  test-tube  con¬ 
taining  3-5  ml  of  sterile  physiological  solution  or^tap  water,  the  tube 
is  shaken  or  rolled  between  the  palms  of  the  hands  to  separate  the  tan¬ 
gled  hyphae,  and  a  Pasteur  pipette  is  used  to  apply  4-5  drops  of  the 
liquid  to  4-5  sectors  of  a  dish  containing  Chapek* s  medium;  purifica¬ 
tion  should  be  carried  out  in  2-3  dishes.  The  dishes  are  Incubated  at 
18-22°  and  pure  Fusarla  colonies  are  transferred  to  Chapek  agar  slants 
(after  preliminary  microscopic  examination). 

Young  (3-4-day)  Fusaria  colonies  should  be  selected  in  order  to 

<> 

avoid  growth  on  the  dishes  of  any  extraneous  fungi  present  in  the  ini¬ 
tial  test-tube.  The  tubes  containing  the  cultures  are  incubated  at  18- 
22°  and  the  growth  and  pigmentation  are  noted;  when  no  contamination 
is  observed  microscopically  or  macroscopically  the  strain  is  subjected 
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to  Identification  procedures.  All  strains  of  the  subgenua  Sporotrichi- 
ella,  which  are  Identified  by  their  piriform  or  llmonlform  conldla  (see 
Identification  key),  are  transplanted  and  Investigated  on  various  media 
In  order  to  determine  the  species  and  varieties  to  which  they  belong 
and  to  establish  their  toxicity.  The  cultures  are  stored  on  Chapek's 
medium  or  In  test-tubes  containing  sterile  grain  at  18-20°  and  5°;  they 
are  transplanted  every  3-6  months. 

Identification  of  the  species  and  varieties  of  Sprotrlchlella  Is 
based  on  a  complex  of  characteristics  pertaining  to  pigmentation  during 
growth  on  various  media,  type  of  sporogenesls,  and  the  morphological 
features  of  the  macroconldla  and  mlcroconldla. 

Cultures  should  be  simultaneously  made  on  the  following  media: 
Chapek's  agar,  potato  agar  (PA),  acid  potato  agar  (APA),  potato  slices, 
grains  of  rice  (all  in  test-tubes),  and  Bilal's  synthetic  medium.  Iden¬ 
tification  must  not  be  postponed,  since  storage  under  laboratory  condi¬ 
tions  may  to  some  extent  alter  the  properties  of  the  culture.  The  cul- 
.re  material  must  be  taken  from  a  spore  case  or  pyonnota  or,  when 
these  are  lacking,  from  an  aerial  mycelium.  A  piece  of  the  mycelium  or 
spore  case  is  placed  in  a  test-tube  containing  5  ml  of  sterile  physio¬ 
logical  solution,  the  tube  is  shaken,  and  a  Pasteur  pipette  is  used  to 
apply  5  drops  of  the  liquid  to  each  of  the  aforementioned  media.  The 
liquid  should  be  uniformly  spread  over  the  surface  of  the  slants  and 
the  potato  slices  and  rice  grains  should  be  saturated;  the  cultures  are 
incubated  at  18-22°. 

A  final  evaluation  Is  made  of  the  growth  obtained  15  days  after 
culturing.  Por  media  containing  agar  the  color  of  the  aerial  mycella, 
the  appearance  of  the  mycella  (puffy,  delicate,  powdery),  the  color  of 
the  substrate,  and  the  type  of  sporogenesls  (presence  of  spore  cases 
and  pyonnota)  are  noted.  Por  the  rice  the  color  of  the  mycella  and  the 
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grains,  the  border  around  the  grains,  and  the  presence  of  sclerotla  are 


noted.  For  the  potato  slices  the  color  of  the  mycelia  and  the  slices 


and  the  presence  of  sclerotla  are  noted.  Material  for  determination  of 


the  size  and  shape  of  the  conldla  Is  taken  from  the  Chapek’s  agar;  a 


microscope  Is  used  to  note  the  presence  and  shape  of  macroconldla  and 
microconidia  and  the  presence  of  chlamydospores.  Macroconldla  with  dif¬ 


ferent  numbers  of  septa  and  with  many  septa  are  noted.  The  percentages 


of  conldla  with  1,  2,  3*  4,  5,  etc.,  septa  are  computed,  counting  50- 


100  macroconldla  In  different  fields  of  view.  The  size  (length  and 


vldth)  of  the  macroconldla  and  microconidia  Is  determined  with  an  ocu¬ 


lar  micrometer;  the  dimensions  of  macroconldla  with  the  same  number  of 


septa  are  established.  The  minimum,  maximum,  and  most  common  dimensions 
are  noted.  Material  from  different  areas  of  the  culture  (aerial  mycel¬ 


ia,  spore  cases,  etc.)  should  be  examined  microscopically.  The  data  ob¬ 


tained  furnish  a  basis  for  identifying  the  species  and  variety  to  which 


the  strain  In  question  belongs,  using  Bilal's  key. 


Varieties  are  identified  by  testing  their  pathogeneclty  on  appro¬ 


priate  plants. 


Determination  of  toxicity.  Culturing  on  fat-contalnlng  medium.  It 


has  been  established  that  there  Is  a  direct  relationship  between  the 


toxicity  of  Sporotrlchlella  cultures  and  their  ability  to  decompose  fat 


while  growing  on  a  synthetic  medium  of  definite  composition  (Yu. I.  Ru¬ 


binshteyn,  1950). 


Determination  method:  3  ml  of  sterile  sunflower  oil  Is  added  to 


100  ml  of  hot  melted  synthetic  medium,  the  mixture  is  vigorously  shaken 


for  8-10  min,  0.2-0. 3  ml  of  IS  aqueous  methylene  blue  is  added,  and  the 


mixture  is  again  shaken  and  poured  Into  Petri  dishes.  Pieces  of  mycel¬ 
ium  are  cultured  on  4  sectors  of  a  dish,  placing  them  on  the  surface  of 


the  medium;  a  separate  dish  is  used  for  each  strain.  The  dishes  are  ln- 


-  615  - 


I 


cubated  at  18-22°  and  the  observation  period  lasts  6-8  days.  Toxic  cul¬ 
tures  form  rather  large  colonies  with  distinct  mycella  within  3-4  days 
after  culturing.  The  colonies  continue  to  grow  and  merge  after  6-8 
days*  the  entire  dish  being  covered  with  whitish  or  dirty-red  mycelia; 
subsequent  growth  is  so  intensive  that  the  mycella  reach  the  rim  of  the 
dish  and  creep  onto  its  lid.  The  agar  takes  on  a  dirty-red  color;  the 
cultures  retain  characteristically  shaped  macroconldla  and  mlcroconldla 
on  this  medium.  Nontoxic  cultures  grow  poorly*  forming  only  Isolated 
colonies  at  the  inoculation  sites*  which  do  not  merge.  The  mycella  are 
usually  white  and  the  agar  either  retains  its  original  color  or  turns 
blue.  Toxic  and  nontoxic  strains  of  Fua.  sporotrlchlella  can  thus  be 
differentiated  by  the  character  of  their  growth. 

Luminescence  method.  It  has  been  established  that  there  is  a  di¬ 
rect  relationship  between  the  ability  of  Fus.  sporotrichiella  to  pro¬ 
duce  an  orange  luminescence  and  their  toxicity  (Yu. I.  Rubinshteyn, 
1956). 

Primary  luminescence  is  determined  In  the  following  manner.  After 
14-21  days  of  growth  at  18-22°  cultures  on  agarized  Chapek's  medium  in 
test-tubes  (it  should  first  be  established  that  neither  the  glass  nor 
the  cotton  plugs  luminesce)  are  examined  under  a  PRK-4  mercury-quartz 
lamp  with  a  Wood  filter.  Luminescence  develops  slowly  and  becomes  more 
intense  after  3-5  min;  the  mycelia  and  sometimes  the  medium  luminesce. 
Highly  toxic  strains  emit  a  bright  orange  light,  weakly  toxic  strains 
produce  a  light  orange  or  lilac  light  or  do  not  luminesce,  and  nontoxic 
strains  produce  a  light  lilac  light  or  do  not  luminesce. 

In  addition  to  the  method  based  on  the  primary  luminescence  of 
Fus.  sporotrichiella,  it  has  been  shown  that  luminescence  microscopy 
and  the  use  of  fluorochromes,  permit  more  detailed  and  highly  differ¬ 
entiated  study  of  the  structural  characteristics  of  mycelia  and  conidia 

-  616  - 


than  ordinary  microscopy  (Yu. I.  Rubinshteyn,  I960). 

Determination  of  culture  toxicity 

Skin  test  in  rabbits.  Grain  contaminated  with  the  culture  to  be 
tested  is  prepared  for  the  dermal  reaction  by  introducing  the  culture 
into  1-liter  flasks  containing  100  g  of  sterile  grain  (wheat  or  millet). 
For  this  purpose  culture  material  from  Chapekfs  medium  (pieces  of  my¬ 
celium,  with  some  of  the  nutritive  medium  if  possible)  is  added  to 
flasks  containing  50-100  ml  of  sterile  physiological  solution,  the  mix¬ 
ture  is  thoroughly  shaken,  and  10  ml  of  the  resultant  suspension  is 
rdded  to  each  of  the  grain-containing  flasks.  The  latter  are  vigorously 
shaken  and  the  cultures  are  Incubated  at  18-22°  for  21  days.  After  this 
21-day  period  has  elapsed  flasks  containing  growing  cultures  are  auto¬ 
claved  in  running  steam  (100°)  for  1  hr  and  cooled  to  room  temperature 
and  material  is  transplanted  to  Chapek  agar  slants  in  order  to  make 
sure  that  the  cultures  have  been  killed.  The  contents  of  the  flasks  are 
carefully  removed  (with  a  wooden  spatula),  spread  in  a  thin  layer  on 
sheets  of  filter  paper,  and  dried  at  37-JJ0®  (in  a  heater).  The  dried 
grain  is  stored  in  Jars  with  ground  stoppers,  to  be  used  for  skin  tests 
and  for  feeding  to  experimental  animals. 

The  ether  extract  for  the  skin  test  is  made  up  in  the  manner  des¬ 
cribed  for  testing  native  grain,  the  only  difference  being  that  20-30  g 
rather  than  50  g  of  grain  is  used;  the  procedures  for  setting  up  the 
reaction  and  evaluating  the  results  are  the  same  as  in  investigating 
native  grain. 

Experiments  involving  feeding  of  grain  to  mlmals.  This  technique 
utilizes  the  same  material  (contaminated  grain)  as  skin  tests.  The  ex¬ 
perimental  animals  may  be  white  mice  (for  establishing  a  general  toxic 
action),  growing  white  rats  (as  a  model  for  reproducing  harvest  disease), 
or  cats  (for  reproducing  toxic  alimentary  aleucia).  Pigeons  are  sensi- 
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tive  to  the  toxins  of  Pus.  sporotrichiella  and  can  also  be  used  to  es¬ 
tablish  the  general  toxicity  of  cultures. 

Monkeys  furnish  a  good  model  for  reproducing  toxic  alimentary 
aleucla  (Yu. I.  Rubinshteyn  and  L.S.  Lyass,  1948),  while  puppies  are 
suitable  for  reproducing  harvest  disease  (Yu. I.  Rubinshteyn,  1953)* 

A  special  probe  (a  needle  and  bulb)  Is  used  to  feed  white  mice  a 
suspension  of  contaminated  grain  In  physiological  solution;  this  sus¬ 
pension  is  prepared  by  grinding  grain  contaminated  with  the  strain  to 
be  tested  with  a  small  quantity  of  physiological  solution  and  then 
adding  sufficient  of  the  latter  to  bring  the  total  volume  to  100  ml  per 
10  g  of  grain  (a  1:10  suspension).  The  entir<  mass  is  transferred  to  a 
funnel  containing  a  piece  of  gauze  and  the  latter  is  thoroughly  wrung 
out;  the  suspension  obtained  after  wringing  out  the  gauze  is  fed  to  the 
experimental  animals  (It  should  be  prepared  no  more  than  2  days  before 
feeding)  and  should  be  stored  at  4-5°.  The  suspension  is  taken  up  with 
a  syringe  and  probe  and  daily  doses  of  0.5-1  ml  are  administered  orally 
to  the  mice  (which  should  weigh  18-20  g).  Each  strain  is  tested  in  no 
fewer  than  5  mice;  the  experiment  is  conducted  over  a  30-day  period.  A 
suspension  Is  simultaneously  prepared  In  the  same  manner  from  uncon- 
tamlnated  autoclaved  grain  and  administered  In  the  same  way  to  5  mice 
over  a  30-day  period,  thus  serving  as  a  control.  Before  the  experiment 
the  mice  are  weighed  and  their  blood  Is  Investigated  (taking  samples 
from  the  tail),  determining  the  hemoglobin,  leucocyte,  and  erythrocyte 
counts  and  the  leucocytic  formula.  During  the  experiment  the  animals' 
condition,  their  weight,  their  appetite  for  the  usual  diet,  the  state 
of  the  gastrointestinal  tract,  and^the  hematological  pattern  are  noted. 
Mice  react  to  administration  of  various  specific  toxins  with  disrup¬ 
tions  in  the  central  nervous  system  (convulsions,  tremors,  paresis, 
extremital  paralysis)  and  gastrointestinal  tract  (diarrhea)  and  changes 
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in  the  hematological  pattern,  developing  anemia,  leucopenia,  and  neu¬ 
tropenia. 

Autopsies  are  performed  on  all  the  mice  which  die  or  are  killed 
before  the  end  of  the  experiment  and  their  organs  are  investigated;  it 
is  desirable  to  prepare  and  examine  microscopic  specimens. 

Affection  by  Pusaria  toxins  produces  hyperemia  and  hemorrhaging  in 
the  gastric  and  intestinal  mucosa,  necrosis  and  hemorrhaging  in  the 
liver,  atrophy  in  the  spleen,  focal  changes  in  the  lungs,  and  hemorr¬ 
haging  and  hyperemia  in  the  cerebral  blood  vessels. 

White  rate  provide  a  good  model  for  studying  affections  of  the 
skeletomotor  apparatus  by  the  toxins  of  certain  forms  of  Pus.  var.  po- 
ae.  The  experiments  are  performed  on  young  animals  (weighing  40-50  g), 
which  are  given  daily  doses  of  1-2  ml  of  material  prepared  in  the  same 
manner  as  for  experiments  on  white  mice.  The  material  is  administered 
over  a  period  of  6  months.  The  knees  of  the  hind  legs  are  x-rayed  be¬ 
fore  and  during  the  experiment  and  any  changes  in  the  epiphyseal  zone 
are  noted.  Experiments  on  rats  are  conducted  when  grain  and  cultures 
are  to  be  investigated  in  connection  with  harvest  (Kaschin-Beck' s)  di¬ 
sease. 

White  rats  also  exhibit  changes  in  the  peripheral  blood,  but  these 
animals  are  less  sensitive  to  the  toxins  of  Pus.  sporotrichiella  than 
mice  or  cats. 

Cats  provide  a  good  model  for  reproducing  the  basic  symptoms  of 
toxic  alimentary  aleukia;  they  are  generally  highly  sensitive  to  the 
toxins  of  Pus.  sporotrichiella  and  react  with  general  exhaustion,  dis¬ 
ruption  of  hemopoiesis,  disorders  of  the  gastrointestinal  tract,  and 
changes  in  the  liver,  kidneys,  and  spleen.  Mature  (2-2.5  kg)  or  young 
(800-900  g)  animals  are  used;  they  are  weighed,  the  morphological  pat¬ 
tern  of  their  blood  is  studied,  and  the  sedimentation  rate  is  deter- 
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mined.  In  addition  to  their  other  food  (cereal,  aoup,  meat)  they  are 
given  daily  doses  of  0.1-1  g  of  grain  contaminated  with  the  strain  to 
be  tested  per  kg  of  body  weight.  The  experiment  lasts  30  days;  the  ani¬ 
mals'  general  condition,  their  weight,  the  state  of  the  gastrointestin¬ 
al  tract  (vomiting,  diarrhea) , .the  occurrence  of  bloody  discharges  from 
the  nose  or  bleeding  from  the  gums,  and  the  pattern  of  the  peripheral 
blood  are  noted.  Autopsies  are  performed  on  all  the  cats  which  die  or 
are  killed  after  the  experiment,  a  macroscopic  examination  Is  made  of 
all  the  internal  organs,  and  the  condition  of  the  bone  marrow  is  deter¬ 
mined  (specimens  are  taken  from  the  lower  third  of  the  femur  or  the  up¬ 
per  portion  of  the  tibia);  microscopic  examination  of  the  organs  and 
bone  marrow  is  also  desirable. 

Experiments  on  pigeons  are  conducted  in  the  same  manner  as  in 
testing  native  grain,  feeding  them  grain  contaminated  with  the  strain 
to  be  tested. 

Experiments  involving  parenteral  administration  of  grain  to  mice. 
t.  single  intraperitoneal  injection  of  filtrates  of  toxic  cultures  of 
Pus.  sporotrichiella  kills  mice  within  18-72  hr;  intraperitoneal  and 
oral  administration  of  the  same  material  produces  the  same  clinical 
symptoms  and  similar  changes  in  the  Internal  organs. 

Chapek-Doxa ' s  medium  containing  autolyzate,  millet  broth  contain¬ 
ing  autolyzate,  or  grain  can  be  used  for  raising  Pus.  sporotrichiella 
and  producing  toxins.  Portions  of  200  ml  of  liquid  media  (Chapek-Doxa' s 
medium,  millet  broth)  are  poured  into  1-liter  flasks,  which  are  inocu¬ 
lated  with  the  culture  to  be  tested  and  incubated  at  18-22°  for  20  lays. 
The  film  which  forms  is  removed  from  the  culture  fluid  and  the  latter 
is  filtered  through  a  Zeitz  asbestos  filter  or  a  P-3  filter;  the  resul¬ 
tant  filtrate  is  administered  intraperitoneally  to  3-5  mice  in  single 
doses  of  1  ml.  In  order  to  determine  the  thermostability  of  the  toxin 
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the  filtrate  Is  heated  In  a  water  bath  at  100°  for  20  min,  cooled,  and 
administered  in  the  same  dose  (1  ml)  to  a  second  group  of  3-5  mice;  the 
toxins  of  Pus.  sporotrlchieila  are  thermostable. 

If  cereal  grains  are  used  as  the  substrate  they  are  Inoculated  by 
the  same  method  usod  to  produce  material  for  the  skin  test.  The  dried 
contaminated  grain  Is  ground  In  a  mill  and  the  flour  Is  mixed  with 
physiological  solution  (10-15  g  of  flour  and  100  ml  of  physiological 
solution);  the  resultant  mixture  Is  agitated  In  a  shaking  machine  for 
!»0  min  and  filtered  first  through  a  paper  filter  and  then  through  a 
’.eitz  or  P-3  filter.  Doses  of  1  ml  of  unheated  and  heatc-d  (at  100°  for 
20  min)  filtrates  are  administered  intraperitoneally  (using  3-5  mice 
for  each  filtrate).  Toxic  cultures  cause  the  mice  to  die  within  18-72 
hr. 

In  all  the  experiments  the  surviving  animals  are  observed  for  7 
days  and  then  killed. 

Autopsies  should  be  performed  on  all  the  animals  which  die  or  are 
killed  and  their  organs  are  investigated  macroscopically  (microscopic 
examination  is  also  desirable). 

The  toxicity  of  the  cultures  under  investigation  is  evaluated 
from  all  the  data  obtained  by  the  above-described  methods.  The  experi¬ 
ments  involving  feeding  of  the  grain  to  animals  are  decisive. 

Key  to  the  subgenus  Sporotrlchieila* 

Subgenus  Sporotrlchieila  Wr.  emend.  Bilai. 

Macroconidia  fusiform-falciform,  sometimes  fusiform  or  linearly 
lanceolate,  with  gradually  narrowing  upper  cavity  and  more  or  less 
distinct  stem,  usually  having  3-7  septa;  formed  in  aerial  mycelia,  less 
frequently  in  spore  cases  and  pyonnotae,  reddish-yellow,  yellow  ochre, 
or  golden  orange  in  color.  Microconidia  piriform  or  limoniform,  spher¬ 
ical-ovoid,  sometimes  fusiform-elliptical,  for  the  most  part  with  a 
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single  cavity,  less  frequently  with  1-3  septa;  produced  in  aerial  my- 
cella,  occasionally  taking  the  form  of  chains,  but  often  heaped  up 
like  a  powder.  Aerial  mycelia  usually  well  developed,  long,  cobwebby, 
often  powdery,  white,  reddish,  or  yellowish  In  color.  Chlamydospores 
usually  many  In  number,  sometimes  lacking  In  mycelia  and  conldla. 

Stroma  carmine  purple  or  yellowish-ochre  in  the  majority  of  cases. 

Key  to  species  and  varieties 

1.  Macroconidia  usually  with  1-3-5  septa,  fusiform- falciform  with 
gradually  narrowing  conical  upper  cavity:  P.  siorotrichiella. 

—  Macroconidia  usually  with  5-7  septa;  with  5  septa,  28-60  ■  3-6; 

f 

with  7  septa,  45-70  ■  4-6:  P.  sarcochroum. 

2.  Microconidla  dominant.  Macroconidia  with  1-3  septa  formed  spor¬ 
adically  in  small  numbers  in  aerial  mycelia;  with  1  septum,  9-5-20  * 

■  3-4;  with  3  septa,  17-32  -  3.8-5:  P.  sporotrlchiella  var.  poae. 

—  More  or  less  profuse  formation  of  macroconidia  in  aerial  mycel¬ 
ia,  pyonnotae,  and  spore  cases  -  3. 

/ 

3.  No  chlamydospores.  Macroconidia  usually  with  3  septa,  24-70  * 

*  2.5-5:  P.  sporotrlchiella  var.  anthophilum. 

—  More  or  less  profuse  formation  of  chlamydospores  —  4. 

4.  Macroconidia  usually  with  3  septa,  25-35  ■  3. 8-4. 8:  P.  sporo- 
trichiella  var.  triclnetum. 

Macroconidia  typically  with  3-5  septa;  with  3  septa,  30-45  »  4.5- 
5;  with  5  septa,  32-45  »  3. 8-5*5:  P.  sporotrichiella  var.  sporotrichi- 
odes. 

Nutritive  Media 

Chapek*s  medium: 

Glucose  -  20  g 

Sodium  nitrate  (NaNO^)  '  2  g 

Monobasic  potassium  phosphate  (KI^PO^)  —  1  g 
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Magnesium  sulfate  (MgSO^)  -  0.5  g 
Potassium  chloride  (KC1)  -  0.5  g 
Ferric  sulfate  (FeSO^)  -  0.001  g 
Distilled  water  -  1000  ml 
Agar  -  20  g 

The  mixture  is  sterilized  at  112°  for  20  min. 

Potato  agar:  200  g  of  cleaned,  sliced  potato  is  flooded  with  1000 
ml  of  tap  water  and  placed  in  a  Koch  apparatus  or  an  autoclave  (running 
steam)  for  ^0  min.  The  liquid  is  then  poured  off,  boiled  for  30-40  min, 
filtered  through  cotton  gauze,  brought  up  to  its  initial  volume,  and 
mixed  with  20  g  of  agar.  The  agar  mixture  is  sterilized  at  120°  for  20 


Potato  agar  containing  glucose.  A  total  of  2%  of  glucose  is  mixed 
with  prepared  potato  water  and  2%  of  agar  is  added  after  the  glucose 
has  dissolved.  The  mixture  is  sterilized  at  112®  for  20  min. 

Acid  potato  agar  (acidified  immediately  before  use).  A  Pasteur 
pipette  is  used  to  add  1-2  drops  of  50 t  sterile  citric  acid  to  10  ml 
portions  of  sterile  hot  potato  agar  prepared  in  the  manner  described 
above  and  poured  into  test-tubes;  the  mixture  is  thoroughly  stirred. 

Rice.  Portions  of  5  g  of  rice  grains  are  poured  into  test-tubes, 
mixed  with  8-10  ml  of  tap  water,  and  sterilized  twice,  first  in  run¬ 
ning  stoam  for  1  hr  and  then  at  120°  for  20  min  on  the  following  day. 

Potato  slices.  Small,  cylindrically  cut  slices  of  peeled  potato 
are  placed  on  the  bottoms  of  test-tubes  (one  piece  per  tube)  and  ster¬ 
ilized  twice,  first  in  running  steam  for  1  hr  and  then  at  120®  for  20 
min  on  the  following  day. 

Medium  containing  fat: 

Sodium  nitrate  (NaNO^)  -  2  g 

Potassium  chloride  (KC1)  -  0.5  g 
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Dibasic  potassium  phosphate  (K  HPO  )  -  1  g 

*T 

Magnesium  sulfate  (MgSO^)  -  0.5  g 
Ferric  sulfate  (FeSO^)  -  0.001  g 
Distilled  water  —  1000  ml 
Agar  -  20  g 

The  medium  is  divided  Into  100  ml  portions  and  sterilized  at  120° 
for  20  min.  Sunflower  oil  Is  added  to  the  tubes  In  doses  of  5-6  ml  and 
the  mixture  Is  sterilized  at  112°  for  20  min.  Before  Inoculation  the 
medium  Is  melted  and,  while  It  Is  still  hot,  3  ml  of  sunflower  oil  and 
0.2-0. 3  ml  of  previously  boiled  It  aqueous  Nile  blue  are  added  per  100 
ml  of  medium;  the  resultant  mixture  Is  agitated  for  5-10  min  and 
poured  Into  dishes. 

Bilal *s  medium: 

Monosubstltuted  potassium  phosphate  (KH^PO^)  —  1  g 

Potassium  nitrate  (KNO^)  -  2  g 

Magnesium  sulfate  (MgSO^)  -  0.5  g 

Potassium  chloride  (KC1)  ~  0.5  g 

Ferric  sulfate  (FjSO^)  —  0.001  g 

Soluble  3tarch  —  0.1  g 

Sucrose  —  0.1  g 

Glucose  —  0.1  g 

Water  -  1000  ml 

Portions  of  5  ml  are  poured  into  test-tubes  and  a  strip  of  filter 
paper  is  Inserted  into  each  tube  in  such  fashion  that  it  Is  immersed 
In  the  medium  for  less  than  half  Its  length.  The  medium  Is  sterilized 
at  112°  for  20  min. 

Chapek-Doxa's  medium  containing  autolyzate: 

Sucrose  -  20  g 

Sodium  nitrate  (NaNO^)  -  8  g 
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Monobasic  potassium  phosphate  (KH^PO^)  -  1  g 
Magnesium  sulfate  (MgSO^)  -  0.5  g 
Potassium  chloride  (KC1)  -  0.5  g 
Ferric  sulfate  (FeSO^)  -  0.001  g 
Yeast  autoly2ate  -  20  g 
Distilled  water  -  1000  ml 

The  mixture  is  sterilized  at  112°  for  20  min. 

Millet  broth  containing  autolyzate.  A  total  of  90  g  of  ground  mil¬ 
let  (flour)  is  mixed  with  900  ml  of  tap  water  and  left  to  stand  for  24 
►r.  The  liquid  is  decanted  through  cotton  gauze  (in  a  funnel)  and  the 
latter  is  thoroughly  wrung  out.  A  total  of  0.51  of  sodium  chloride  and 
2t  of  yeast  autolyzate  are  added  and  the  mixture  is  heated  until  they 
dissolve.  The  medium  is  sterilized  at  120°  for  30  min. 

Grain  to  be  Inoculated  (for  skin  tests  in  rabbits  and  feeding  to 
experimental  animals).  Portions  of  100  g  of  millet,  wheat,  or  some 
other  grain  are  poured  into  1-liter  flasks,  flooded  with  100  ml  of  tap 
water,  and  sterilized  at  120°  for  30  min.  Each  new  batch  of  grain 
should  be  preliminarily  checked  by  skin  tests  in  rabbits  to  make  sure 
that  it  has  not  been  damaged  by  Fusaria  and  to  determine  its  toxicity. 
Only  grain  which  gives  a  negative  dermal  reaction  in  rabbits  and  which 
has  not  been  affected  by  Fusaria  can  be  used.  The  grain  is  wetted  with 
water  and  sterilized  at  120°,  for  30  min. 
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TUBERCULOSIS 
Prof.  A. I.  Togunova 

The  current  classification  (Bergey,  1957)  divides  the  pathogenic 
acid-fast  Mycobacteria  into  7  species:  1)  Mycobacterium  tuberculosis 
L.N.,  or  M.  tuberculosis  typus  humanus;  2)  M.  bovis  Bergey,  or  M.  tub. 
•;yp.  bovinus;  3)  M.  microti  Reed  (Vole  bacillus);  k)  M.  avium  Chesteri, 
or  M.  tuberculosis  avium;  5)  M.  paratuberculosls  (Johnes  bacillus)  - 
the  causative  agent  of  hypertrophic  enteritis  in  cattle;  6)  M.  leprae 
hominls;  7)  M.  leprae  murium.  The  new  classification  assigns  Mycobac¬ 
teria  parasitic  in  poikllotherms  (M.  poikilotermunO  to  the  potentially 
pathogenic  Mycobacteria  (see  below).  This  large  group  comprises  Myco¬ 
bacteria  isolated  by  a  number  of  authors  in  skin  diseases  of  man  (from 
abscesses  in  so-called  tank  disease)  and  cattle,  from  poikllotherms, 
and  from  the  external  environment,  soil,  etc.  The  members  of  this  group 
most  frequently  mentioned  in  the  foreign  literature  are  M.  fortuitum 
Cruz  or  Minetti,  M.  marinum  Aronson,  M.  themnopheus  Aronson,  M.  platy- 
poecillus  Becker  and  Hagen,  M.  Balnei  Linel  and  Norden,  etc. 

The  so-called  "atypical"  or  "abnormal"  acid-fast  Mycobacteria 
(Odurua)  constitute  a  special  group  and  have  recently  attracted  a  great 
deal  of  attention.  Their  nature  and  their  significance  in  human  path¬ 
ology  have  still  not  been  conclusively  determined;  they  are  often  iso¬ 
lated  from  pathological  material  taken  from  tuberculosis  patients.  In¬ 
vestigative  techniques  which  make  it  possible  to  distinguish  true  tuber¬ 
culosis  Mycobacteria  (even  those  altered  by  factors  such  as  antibacter¬ 
ial  therapy)  from  the  so-called  "atypical"  Mycobacteria  and  the  latter 
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fro®  the  saprophytes  with  which  they  are  oft-n  * 

y  are  orten  mixed  are  consequently 

of  great  value. 

”*  ,0-'!‘U'd  ”at"lcal”  *'U-t**t  Mycobacteria  are  no*  cu.tomar- 
uy  dleioed  into  *  ba.lc  group.  (Benon  et  ai.J.  depending  on  Aether 
they  carry  out  chromogen.,1,  under  Illumination  or  Independently  of 
ll*bt;  1)  photochromogenlc  Mycobacteria  (Kan,.,  type)  are  u.ually  l.o- 
Uted  from  sick  humans;  during  growth  under  Ulunlnatlon  culture,  pro¬ 
duce  a  lemon  yellow  pigment,  which  later  change,  to  orange  and  then  to 
rlck-red;  they  do  not  produce  pigment  when  cultured  In  darkness.  * 
brur  exposure  to  light  1,  sufficient  t0  cause  aubaequa„t  „a„on 

(during  incubation  at  37-,,  the  colonle,  are  smooth.  II)  scotochromo- 

genlc  Mycobacteria  ac«,ulre  a  bright  orange  color  when  grown  l„  darkness. 

They  are  usually  isolated  from  the  nans.*,*  < 

a  rrom  the  patient  in  company  with  other  micro¬ 
organisms,  sometimes  in  a  mixed  culture.  Ill,  Nonphotochromogenic  Myco- 
aoterla  (Betti  Sea  type)  do  not  generally  produce  pigment.  IV)  Past- 
growing  Mycobacteria  (3-5  days  et  room  temperature). 


teria^  L,°e  J  of  saProphytic  Mycobac 
teria  Isolated  from  air  on  Fetrsimnni i, 
medium  (dark  orange  pigment)  8 
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General  characteristics:  growth  on  solid  media  is  smooth,  contin¬ 
uous,  finely  plicated,  and  often  oily.  These  bacteria  grow  more  rapidly 
than  tuberculosis  Mycobacteria  on  the  same  media  (see  below),  but  may 
also  grow  on  less  favorable  media  (not  containing  glycerine).  In  liq¬ 
uid  media  (synthetic  and  others)  growth  at  the  bottom  takes  the  form  of 
flakes,  while  that  at  the  surface  usually  takes  the  form  of  a  thin  oily 
film.  The  bacterial  cells  are  polymorphous  and  vary  in  size.  No  flagel¬ 
la  are  formed  in  microcultures  (see  below)  or  liquid  media.  The  majority 
of  strains  are  nonpath ogenic  and  are  not  virulent  for  guinea  pigs  and 
•abbits,  although  some  are  pathogenic  for  white  mice  when  administered 
intravenously  or  intraperitoneally  and  for  hamsters  when  administered 
intraperitoneally .  Tuberculin  reactions  are  inconsistent  (+  or  — )  in 
humans  and  experimental  animals  infected  with  these  Mycobacteria.  The 
histomorphological  changes  are  atypical,  but  generally  retain  the  ele¬ 
ments  of  tuberculoid  tissue.  Atypical  Mycobacteria  are  more  resistant 
to  many  antituberculosis  drugs  than  tuberculosis  Mycobacteria. 

The  last  category  of  acid-fast  Mycobacteria  comprises  the  true 
acid-fast  saprophytes  and  is  a  broad  group  of  microorganisms  morpholog¬ 
ically  and  tinctorially  similar  to  tuberculosis  Mycobacteria.  Sapro¬ 
phytes  may  be  found  in  the  soil,  plants,  manure,  water,  foodstuffs, 
milk,  butter,  the  skin  and  excreta  of  sick  and  healthy  persons  and  ani¬ 
mals,  etc.  They  are  polymorphous  rods  of  varying  diameter  and  are  for 
the  most  part  relatively  acid-fast,  although  less  alkali-  and  alcohol- 
fast  than  tuberculosis  Mycobacteria.  They  grow  rapidly  (2-3  days)  on 
the  majority  of  special  media  for  tuberculosis  Mycobacteria,  but  can 
also  be  raised  on  ordinary  nutritive  media  at  temperatures  of  20-28° 
(Pigs.  56  and  57).  Their  growth-temperature  range  is  from  52  to  10° , 
although  this  does  not  hold  for  all  strains.  The  following  are  the 
principal  saprophytes. 
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la  2a  16  26 

Pig.  57-  Cultures  of  a  nonpat  hog' r> ' r  strain  (Raver  852^).  1)  On  glycer¬ 
ine-containing  agar  at  18°  (o'1  •» i ,  ;  37°  (b);  2)  on  agar  without  glycer¬ 
ine  at  18°  (a)  and  37°  (b). 


Pig.  58.  Culture  of  the  as’,'  !  . .  lj.iophyte  Mycobacterium  phlei.  Moist, 

coarsely  plicated  film  on.  surl  a  .  ;  iment  at  bottom. 


1.  M.  phlei  L.N.:  synsry:  .  ■  > .  bacillus  (timothy  bacillus)  or 

Grassbacillus .  This  bacteris.  i;  in  nature  and  takes  the 

form  of  polymorphous  rods;  ! *  ' •  ' j  poorly  acid-fast.  Cultures 

take  the  form  of  a  smooth  >_•  ■  with  a  gray  or  yellow  color 

and  become  plicated  as  tb<  -  Its  growth-temperature  range 


is  28-52°  and  it  will  not  grow  at  10°.  Growth  requires  2  or  3  aays. 
This  bacterium  is  nonpathogenic  for  all  species  of  experimental  ani¬ 
mals. 

2.  M.  smegmatis  L.N.  Growth  cf  this  bacterium  requires  3-**  days 
on  all  media  at  28-45°.  It  is  isolated  from  smegma  contaminated  with 
urine.  Cultures  take  the  form  of  a  luxuriant,  oily,  cream-colored  con¬ 
tinuous  growth.  The  bacterium  appears  as  relatively  short,  thin  poly¬ 
morphous  rods  and  is  highly  acid-fast,  but  poorly  alkali-  and  alcohol- 
fast.  It  is  nonpathogenic.  In  investigating  material  from  patients 
urine,  lavage  fluids,  sputum,  bronchoectasis ,  etc.)  it  is  necessary 
to  take  special  account  of  this  and  other  saprophytes. 

Morphology  of  tuberculosis  Mycobacteria 

The  type  .^.iety  Is  M.  tuberculosis  hominis  (human  type);  this 
bacterium  takes  the  form  of  straight  or  curved  rods  1.5-4  microns  long 
and  0.3-C.5  microns  in  diameter,  which  stain  red  by  Ziehl-Neelsen ' s 
method,  violet  by  Gram's  method,  and  violet  by  Much's  and  Much-Weiss's 
methods  (It  is  iodophilic).  Brighter  red  (Zihl-Neelsen's  method)  or 
violet  (Much’s  and  Much' s-Weis3 ' s  methods)  granules  are  noted  in  the 
rods  when  these  staining  techniques  are  employed.  Electron  microscopic 
(x  30,000)  examination  of  preparations  of  shadowed  rods  reveals  round 
structures  and  a  rather  compact  cell  wall  (Pig.  59).  Electron  micro¬ 
scopic  investigation  of  ultrathin  sections  of  tuberculosis  Mycobacter¬ 
ia  has  made  it  possible  to  establish  (Basserman)  that  the  cell  wall 
consists  of  3  layers  and  that  the  cytoplasm  contains  nuclei  and  gran¬ 
ules,  which  are  probably  mitochondria  or  chondriosomes .  In  preparation 
made  up  from  cultures,  especially  those  raised  on  liquid  media,  viru¬ 
lent  tuberculosis  Mycobacteria  are  arrayed  In  plaits.  Both  red  cells 
and  lighter  violet  cells  (which  are  less  acid-fast)  are  detected  in 
smears  prepared  from  very  young  and  old  cultures  and  stained  by  Ziehl- 


Neelsen's  method.  The  round  structures  (granules)  almost  always  vary 
In  the  extent  to  which  they  take  up  the  dye  (acid-fastness).  They  must 
not  be  confused  with  Much  granules,  which  stain  by  Oram's  method  and 
not  by  Ziehl-Neelsen' s  method,  or  with  filterable  forms  of  Mycobacter¬ 
ium  tuberculosis. 

Staining  of  tuberculosis  Mycob  j- 
terla.  Acid-fast  Mycobacteria  are 
stained  slowly  by  aniline  dyes.  They 
must  consequently  be  stained  with  the 
aid  of  a  mordant  (carbolic  acid)  while 
being  heated.  The  most  common  staining 

Pig.  59.  Mycobacterium  tu¬ 
berculosis.  Electron-mi-  techniques  are  Ziehl-Neelsen' s  method, 

croscopic  photograph  (bac¬ 
terium  shadowed),  x  30,000.  Ziehl-Hughes ' s  method.  Much's  method, 

Much-Weiss's  method,  and  Spengler's 


method. 

Ziehl-Neelsen* s  method  (for  ordinary  bacterioscopic  investigation) 
a  smear  is  prepared  on  a  slide  and  fixed  by  flaming  it  three  times; 
b)  Ziehl's  carbol  fuchsin  is  applied  to  the  preparation  through  a  strip 
of  filter  paper  and  the  slide  is  carefully  heated  over  a  Bunsen-burner 
flame  until  vapor  is  given  off  (usually  3  times);  c)  the  paper  is  re¬ 
moved  and  the  preparation  is  rinsed  with  distilled  water;  d)  the 
stained  smear  is  decolorized  by  application  of  10$  sulfuric  or  3-20$ 
nitric  acid  or  by  dipping  the  slide  into  a  beaker  containing  one  of 
these  acids  (for  several  seconds);  e)  the  slide  is  rinsed  with  water; 
f)  the  preparation  is  restained  with  aqueous  methylene  blue  or  Loef- 
fler's  blue. 

Ziehl-Neelsen* s  method  as  modified  by  Hughes.  The  specimen  is:  a) 


stained  with  carbol  fuchsin  as  in  the  preceding  method;  b)  decolorized 
in  3$  alcoholic  hydrochloride;  c)  rinsed  with  water;  d)  restained  with 
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aqueous  methylene  blue.  The  rods  appear  red  against  a  blue  background. 
These  two  methods  are  the  most  commonly  employed  In  practice. 


Much’s  method  (modified  Grants  method).  The  specimen  Is:  a)  flame- 
fixed  and  stained  with  carbol  methyl  violet  through  filter  paper  while 
being  carefully  heated;  b)  flooded  (without  rinsing)  with  a  solution  of 
iodine  In  potassium  iodide  (Lugol's  solution)  for  5  min;  c)  rinsed  with 
water;  d)  transferred  to  5 t  nitric  acid  for  1  min;  e)  immersed  in  3X 
hydrochloric  acid  for  10  min;  f)  placed  in  an  acetone-alcohol  mixture 
until  completely  decolorized;  g)  rinsed  with  water;  h)  restained  with 
iqueous  fuchsin.  Tuberculosis  Mycobacteria  appear  as  violet  granular 
rods  ("atypical''  Mycobacteria  appear  solid). 

Much-Welss's  method:  a)  3  parts  of  carbol  fuchsin  are  mixed  with 
one  part  of  carbol  methyl  violet  in  a  test-tube;  b)  the  preparation  1 ' 
stained  with  this  mixture  heated  to  the  boiling  point  (carefully!), 
changing  the  dye  4  times;  c)  the  stained  specimen  is  immersed  in  Lu¬ 
gol's  solution  for  5-10  min;  d)  the  preparation  is  transferred  to  5 t 
nitric  acid  for  1  min  and  then  e)  to  3Z  hydrochloric  acid  for  10  sec 
and  f)  to  acetone-alcohol  until  decolorized;  g)  the  specimen  is 
rinsed  with  water.  Mycobacteria  appear  red,  containing  dark  violet 
granules  of  varying  size. 

Biology  of  tuberculosis  Mycobacteria;  cultural  characteristics 

Pure  cultures  of  tuberculosis  Mycobacterium  can  be  grown  outside 
the  organism  on  solid  and  liquid  media  with  a  good  air  supply;  they 
can  also  be  raised  under  relatively  anaerobic  conditions,  but  grow  very 
slowly,  sparsely,  and  atyplcally.  On  special  liquid  nutritive  media  tne 
majority  of  true  tuberculosis  Mycobacteria  form  a  plicated  film  on  the 
surface  of  the  medium  (R  form),  creeping  up  the  walls  of  the  flask  (Fi'. 
60).  Only  in  media  containing  detergents  (twin-80*)  do  they  yield  a  un¬ 
iform  growth  throughout  the  medium  (especially  when  frequently  or  con- 
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Pig.  60.  Culture  of  Mycobacterium  tuberculosis  var.  homlnis  on  synthe¬ 
tic  medium.  Dry  plicated  film  on  surface  of  medium  and  walls  of  flask. 
Medium  clear. 


Pig.  6l.  Mycobacterium  cultures  on  glycerine-potato  medium,  a)  Mycobac¬ 
terium  tuberculosis  var.  hominis  (5709);  b)  Mycobacterium  tuberculosis 
var.  bovis  (Valee);  c)  Mycobacterium  microti;  d)  facultatively  patho¬ 
genic  strain  (pigmented);  e)  saprophyte  from  butter  (L.  Rabinovich). 


stantly  agitated).  Under  such  conditions  these  Mycobacteria,  which  are 
hydrophobic  (as  a  result  of  the  presence  of  superficial  cerclipid'), 
become  hydrophilic,  or  wettable,  so  that  they  produce  a  diffuse  growth 
(Dubos's  medium).  Tuberculosis  Mycobacteria  grow  on  nutritive  media 
containing  mineral  salts,  amino  acids,  carbohydrates,  and  egg  whites  or 
yolks  and  especially  well  on  media  containing  glycerine.  They  will  also 
grow  (although  more  sparsely)  on  media  composed  of  mineral  salts,  es- 


Pig.  62.  Colonies  of  Mycobacterium  tuber¬ 
culosis  var.  hominis  on  Petragnani's  me¬ 
dium.  R  form. 


peclally  ammonia  (L.M.  Model').  The  optimum  growth  temperature  is  37- 
38°.  Growth  is  slow  (20-30  days)  in  the  initial  cultures  isolated  from 
the  organism. 

Mycobacterium  tuberculosis  var.  hominis  produces  a  dry,  plicated 
or  scaly,  light  cream  growth  on  solid  nutritive  media  (Pig.  6l);  the 
cultures  have  a  very  characteristic  aromatic  odor.  They  are  difficult 
to  pick  up  with  a  loop  and  are  consequently  transferred  with  a  special 
narrow  spatula;  as  a  result  of  their  high  lipid  content  they  crack  when 
placed  over  a  flame  (a  characteristic  trait).  In  transplanting  a  cul¬ 
ture  the  material  should  be  spread  out  with  a  spatula  and  gently  rubber 
over  the  surface  of  the  medium.  Colonies  of  this  Mycobacterium  are  pli¬ 
cated  and  dry  and  usually  have  slightly  raised  centers  and  nonuniform 
margins  (Pig.  62).  They  produce  a  fine  flaky  suspension  (R  type)  in 
physiological  solution.  The  character  of  the  cultures  changes  on  media 
containing  substances  such  as  bile  (a  grayish  oily  growth  is  produced 
and  the  rods  are  longer  and  branched).  Mycobacterium  tuberculosis  var. 
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hominis  is  characterized  by  glycerinophilla,  i.e.,  it  grows  more  pro¬ 
fusely  and  rapidly  (eigonically)  on  media  containing  glycerine.  This 
bacterium  may  on  rare  occasiona  form  smooth  colonies  (see  the  section 
on  variability).  Mycobacterium  tuberculosis  var.  bovis  does  not  require 
glycerine.  Cultures  grow  slowly  (disgonically)  and  are  finely  plicated, 
dry,  and  grayish.  The  colonies  are  small  and  hemispherical  or  planocon¬ 
vex,  becoming  finely  plicated  as  they  age  (Pig.  63).  This  bacterium 
grows  slowly  on  the  surface  of  liquid  media,  forming  isolated  islands 
which  gradually  merge  to  prodi  a  film  (Pig.  64).  Its  odor  is  usually 
aromatic.  The  rods  are  acid-fast  and  shorter  and  thicker  than  those  of 
the  preceding  type.  The  first  few  generations  after  isolation  from  the 
organism  exhibit  the  sort  of  growth  described  above.  Acclimatized  cul¬ 
tures  grow  more  rapidly,  especially  on  glycerine  media.  Mycobacterium 
avium  has  a  very  characteristic  type  of  growth.  This  bacterium  is  in 
rare  cases  found  to  be  the  causative  agent  of  human  tuberculosis.  The 
T-ods  are  long,  slender,  sometimes  branched,  and  acid-fast.  The  optimum 
,,rowth  temperature  is  40-42°,  which  Is  to  some  extent  a  differential- 
diagnostic  characteristic.  Cultures  of  Mycobacterium  avium  grow  rela¬ 
tively  rapidly  (10-12  days)  and  profusely  on  nutritive  media  containing 
glycerine,  taking  the  form  of  a  smooth,  oily  continuous  growth  on  solid 
nutritive  media.  The  colonies  are  hemispherical,  smooth,  and  lustrous. 
The  cultures  can  be  smeared  cn  slides  and  readily  give  a  homogeneous 
suspension  In  physiological  solution;  they  are  white  or  cream  in  color, 
with  an  easily  distinguished  orange  variant.  In  liquid  nutritive  media 
thi3  bacterium  produces  a  diffuse  growth  with  a  coarse  sediment  on  the 
bottom  and  sometimes  a  moist  fatty  film  at  the  surface  with  filaments 
reaching  into  the  medium.  The  cultures  are  white  or  yellowish  and  have 
an  optimum  pH  of  6.8—7. 3  - 
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Pig.  63.  Colonies  of  Mycobacterium  tuber¬ 
culosis  var.  bovis  on  Petragnanl's  medium. 
R  and  S  forms. 


Fig.  64.  Culture  of  Mycobacterium  tuberculosis  var.  bovis.  Slowly  grow¬ 
ing  segments  of  film.  Medium-  clear. 


Mycobacterium  tuberculosis  microti  is  of  no  significance  in  human 
pathology;  these  rods  are  ovoid  or  round,  semicircular  or  circular.  In 
smears  they  resemble  fish  roe.  The-'  arc  acid-  and  alcohol-fast  and 
cause  a  tubercular  disease  in  vole-.,  ”om  which  they  were  isolated  in 
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Fig.  65.  Colonies  of  Mycobacter¬ 
ium  microti  on  Petragnani's  med¬ 
ium. 


Fig.  66.  Culture 
of  chromogenic 
variant  (137/p). 
Moist,  oily  film. 
Sediment  on  bot¬ 
tom. 


1937  by  Wells  during  an  epizootic  in  Scotland 
(Fig.  65). 

Typical  and  atypical  cultures  of  tubercu¬ 
losis  Mycobacteria.  The  types  of  tubercular  cul¬ 
tures  described  above  are  usually  isolated  from 
material  obtained  from  humans  and  animals  suf¬ 
fering  from  tuberculosis.  These  cultures  are 
not,  however,  always  typical  (especially  when  the 
patient  receives  antibiotic  therapy);  they  may 
be  somewhat  moister  or  contain  individual  smooth 
or  pigmented  colonies.  Such  cultures  may  be  true 
tuberculosis  Mycobacteria  altered  in  the  patient's 
body  or  so-called  abnormal  or  atypical  acid-fast 
Mycobacteria.  The  tubercular  nature  of  atypical 
cultures  is  best  established  by  the  "mouse  test" 
(injection  of  1  and  0.1  mg  of  culture  into  the 


caudal  veins  of  2  white  mice;  death  occurs  within  2-M  months  in  the 


presence  of  symptoms  of  generalized  tuberculosis)  and  by  determining 
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Pig.  67.  Dissociation  of  Mycobacterium  tuberculosis  var.  hominis.  Plat, 
spiral,  plicated  cream  and  orange  colonies. 


their  pathogenicity  in  guinea  pigs. 
TABLE  50 


Properties  of  soft  (S)  and  hard  (R)  Variants  of  Tuberculosis  Mycobac- 
terla  (principally  M.t.  humanus )( after  A. I.  Togunova) _ 


Properties  of  Variants 

Soft  (S)  variant 

Hard  (R)  variant 

Character  of  growth  on 
nutritive  media 

Moist,  soft,  some¬ 
times  chromogenic 

Dry,  hard 

Appearance  of  colonies 

Hemispherical,  smooth, 
moist,  occasionally 
flat,  slightly  plica¬ 
ted  or  in  pigmented 
spirals 

Rough,  planoconvex 
in  center,  nonuniform 
at  margins,  hard  or 
compact,  lustrous, 
cream-colored 

Formation  of  secondary 
colonies 

Forms  such  colonies 

Rarely  forms  such  col¬ 
onies,  which  alter  tn- 
morphological  charac¬ 
teristics  of  the  basic- 
colony  (lysis) 

Character  of  growth  on 
liquid  media 

Pine  moist  film  on 
surface  giving  rise 
to  filaments,  coarse 
sediment  on  bottom 

Slowly  developing  pli¬ 
cated  "film"  culture 
on  surface,  creeping 
up  walls  of  flask 

Suspension  in  0.85X  so¬ 
dium  chloride 

Homogeneous,  smears 
well  on  slides 

Nonhomogeneous ,  in 
small  clumps,  smears 
poorly  on  slides 
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Growth  rate  on  nutritive  Relatively  rapid,  8-  Slow,  16-20-30  days 
media _ 10  days _ 


Shape  of  bacterial  cells 

Elongated  rods,  some¬ 
times  branched,  with 
reduced  acid-fastness 
and  few  or  no  "gran¬ 
ules" 

Short,  slender, 
straight  or  slightly 
curved  rods  with 
granules  ("granular") 
and  pronounced  acid¬ 
fastness; 

Virulence  for  labora¬ 
tory  animals  (guinea 

piRS) 

Low  virulence 

Marked  virulence 

Presence  of  "poured 
factor,"  growth  in  mi¬ 
crocultures 

Poured  factor  moder¬ 
ate  or  absent,  forms 
coarse  "plates"  or 
"flakes"  in  microcul¬ 
tures 

Signs  of  "poured  fac¬ 
tor"  quite  distinct, 
dense  tangles  in  mi¬ 
crocultures 

Catalase  activity 

Pronounced  in  most 
cases 

Relatively  low,  var¬ 
iable 

Meutral  red  test  (Dubos 
and  Middlebrook's  reac¬ 
tion) 

Light  red  or  reddish 

Pronounced  (carmine 
red) 

Antigenic  properties 

Moderate 

Pronounced 

Pigmentation 

Entire  culture,  color¬ 
ation  often  associated 
with  exposure  to  light 

Center  of  colony,  un¬ 
stable 

I.  lationship  to  phago¬ 
cytosis 

Accelerated  reaction, 
does  not  affect  my- 
ability  of  phagocyte 

Ordinary  reaction, 
engulfed  rods  cause 
phagocyte  to  die  in 
the  majority  of  cases 

Resistance  to  antibac¬ 
terial  drugs 

Primary  resistance 
usually  pronounced 

Produces  resistant 
forms  on  prolonged  ex¬ 
posure 

Cytomorphological  reac¬ 
tion  of  organism  (gui¬ 
nea  pig) 

Development  of  via¬ 
ble,  specific,  usual¬ 
ly  productive  granu¬ 
lation  tissue,  often 
limited  to  local  foci, 
tendency  toward  invo¬ 
lution 

Typical  specific 
productive-exudative 
granuloma  accompanied 
by  necrosis  and  ca¬ 
seation,  generaliza¬ 
tion  of  process. 

Variability  of  tuberculosis  Mycobacteria.  Dissociation.  Under  cer¬ 
tain  conditions  (infrequent  transplantation,  prolonged  storage  at  room 
temperature,  exposure  to  antibiotics,  spontaneous  lysis,  etc.)  all 


types  of  tuberculosis  Mycobacteria  may  form  variants  differing  from  the 
initial  culture  in  a  number  of  characteristics.  Mycobacterium  tubercu¬ 
losis  var.  hominis  is  characterized  by  R.  form  cultures  (the  so-called 
hard  variant),  which  are  dry  and  plicated,  produce  a  fine  flaky  suspen¬ 
sion  in  physiological  solution,  and  are  virulent  for  guinea  pigs.  On 
dissociation  this  bacterium  produces  a  S  form  (soft  variant)  and  forms 
a  moist  film  on  liquid  media  (Pig.  66).  The  colonies  are  hemispherical 
or  spiral  (Pig.  67),  smooth,  and  moist  and  yield  a  homogeneous  suspen¬ 
sion  in  physiological  solution;  they  are  of  low  virulence  for  guinea 
pigs.  Table  50  shows  the  principal  characteristics  of  the  hard  and  soft 
variants. 

Pathogenicity,  virulence,  and  toxin  formation 

Under  experimental  conditions  M.  tubercul.  typ.  human.  (Mycobac¬ 
terium  tuberculosis  var.  hominis)  is  pathogenic  for  guinea  pigs  and 
monkeys  (producing  a  progressive  tubercular  process)  and  less  pathogen¬ 
ic  for  rabbits,  cattle,  birds,  and  mice.  M.  tubercul.  typ.  bov.  (Myco¬ 
bacterium  tuberculosis  var.  bovis)  may  also  cause  tuberculosis  in  hu¬ 
mans,  especially  children;  under  experimental  conditions  it  is  more 
pathogenic  for  rabbits  than  for  guinea  pigs.  Under  natural  conditions 
it  also  causes  a  tubercular  disease  of  hogs  and  birds  (in  addition  to 
cattle) . 

The  differential  characteristics  of  the  various  types  of  tubercu¬ 
losis  Mycobacteria  are  sometimes  not  sufficiently  distinct.  In  order 
to  identify  the  type  of  Mycobacterium  isolated  it  is  then  necessary  to 
determine  its  pathogenicity  and  virulence  in  laboratory  animals. 

Principal  methods  of  identifying  types  of  tuberculosis  Mycobacter¬ 
ia.  The  various  types  of  tuberculosis  Mycobacteria  are  identified  from 
a  complex  of  their  morphological  and  cultural  characteristics  and  thei. 
pathogenicity  for  laboratory  animals.  It  should  be  noted  that  such 
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identification  is  most  conclusive  when  carried  out  with  the  primary 
cultures  isolated  from  the  organism.  The  identification  procedure  in¬ 
volves  intravenous  injection  cf  2  rabbits  with  0.1  and  0.01  mg  of  fresh 
culture  suspended  in  physiological  solution.  Mycobacterium  tuberculosis 
var.  bovis  causes  the  rabbits  to  dir  within  2-3  months,  exhibiting 
symptoms  of  pronounced  tubercular  damage  to  the  lungs;  Mycobacterium 
tuberculosis  var.  hominis  is  not  fatal  when  administered  in  these  do¬ 
ses.  When  administered  intravenously  to  rabbits  in  a  dose  of  0.1  mg 
Mycobacterium  avium  causes  acute  septicemia  ("Yersin  type")  resulting 
in  death  within  10-15  days.  M.  tub.  avium  i3  nonpathogenic  and  nonvir- 
ulant  for  guinea  pigs.  The  foregoing  can  be  used  as  substitutes  for  the 
principal  international  biological  methods  of  identifying  tuberculosis 
Mycobacteria  in  rabbits  (Kossel's  method,  Jensen's  method,  and  Grif¬ 
fiths's  method). 

Method  of  determining  culture  virulence  in  animals.  In  typing  cul¬ 
tures  by  pathogenicity  it  is  necessary  to  take  into  account  their  viru¬ 
lence  for  the  corresponding  animals.  The  virulence  of  tuberculosis  My¬ 
cobacteria  is  determined  from  the  minimum  lethal  dose  (MLD)  •jf  a  20-21- 
day  culture  that  causes  guinea  pigs  to  die  (on  subcutaneous  injection) 
of  generalized  tuberculosis  within  a  definite  period.  The  inoculation 
dose  is  measured  in  fractions  of  a  milligram  of  semidry  culture,  while 
the  number  of  bacteria  is  evaluated  by  comparison  with  a  bacterial 
standard  (e.g.,  the  BTsZh);  the  latter  is  also  calculated  (subsequent¬ 
ly)  from  the  number  of  colonies  growing  on  egg-milk  medium.  On  the 
average,  1  mg  of  semimolst  (gently  pressed  between  sheets  of  filter 
paper)  culture  contains  approximately  40,000,000  bacteria.  It  is  recom¬ 
mended  that  from  0.001  to  0.00001  mg  be  administered  subcutaneously  to 
guinea  pigs  for  a  rough  determination  of  culture  virulence.  Highly 
virulent  cultures  cause  death  within  3-4  months  at  small  doses  (0.00001 
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mg)  and  within  2  months  at  0.001  mg;  low-virulence  cultures  cause 
death  within  5-6  months  at  0.001  mg  and  within  7-8  months  at  0.00001  mg. 
Larger  doses  (1  mg  or  more)  must  be  used  to  determine  the  virulence  of 
altered  and  weakened  strains.  Vaccine  strains  are  tested  for  so-called 
residual  virulence,  i.e.,  their  ability  to  cause  development  of  a  spe¬ 
cific  tissue  reaction  and  to  survive  by  vegetating  (0.001,  0.01,  and 
0.1  mg) . 

Preparation  of  culture  suspension:  A  specimen  of  the  culture  is 
taken  with  a  spatula  at  a  definite  stage  of  its  growth  ;:fter  incuba- 
lon  for  20-21  days  on  glycerine-potato  medium)  and  pressed  between 
sheets  of  sterile  filter  paper.  A  quantity  of  this  semimoist  culture 
Is  weighed  to  the  nearest  milligram  on  a  chemical  scales,  using  a 
sterile  box  or  paper  packet.  The  weight  of  the  box  or  empty  packet  is 
subtracted  from  the  result  and  the  culture  is  transferred  to  a  previ¬ 
ously  prepared  sterile  Jar  containing  glass  or  stainless  steel  beads, 
which  should  fill  no  less  than  1/3  of  the  Jar  (the  number  of  milligrams 
of  culture  is  noted).  The  culture  is  ground  by  rotating  the  Jar  manual¬ 
ly  or  by  agitating  it  in  a  shaking  machine,  adding  no  liquid  at  first 
(the  culture  should  not  be  smeared  on  the  walls  of  the  Jar  above  the 
beads!).  After  10-15  min  sterile  physiological  solution  is  added  to 
the  Jar  (1  ml  per  mg  of  culture),  pouring  in  first  a  small  quantity  ana 
then  the  entire  calculated  amount.  Administration  of  a  given  dose  re¬ 
quires  that  the  suspension  be  further  diluted,  so  that  the  requisite 
amount  of  culture  is  contained  in  1  ml  of  physiological  solution.  It 
is  convenient  to  make  up  successive  10-fold  dilutions  in  Jars  contain¬ 
ing  beads.  Guinea  pigs  of  standard  weight  (250-300  g)  are  inoculated 
subcutaneously  in  the  right  groin  and  then  kept  under  constant  obser¬ 
vation  (change  in  weight,  general  condition,  development  of  regional 
lymphadenitis  or  periadenitis,  time  of  death,  pathogoanatomic  pattern 
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Acid— Past  Mycobacteria 


1)  Characteristics 

2)  pathogenic  Mycobacteria 

3)  potentially  pathogenic  Mycobacteria 

4)  "atypical”  mycobacteria 

5)  saprophytes 

6)  acid-fastness 

7)  alkali-fastness 

8)  alcohol-fastness 

9)  resistance  to  active  chlorine 

10)  morphology 

11)  character  of  growth 

12)  on  solid  media 

13)  on  liquid  media 

14)  pronounced 

15)  pronounced  in  most  cases 

16)  the  same 

17)  none 

18)  moderate 

19)  weak  or  moderate 

20)  absent 

21)  slender,  granular,  slightly  curved  rods 

22)  short  thick  rods 

23)  slender,  elongate,  granular,  sometimes  branched 

24)  short,  curved,  ovoid,  semicircular 

25)  straight  or  curved,  polymorphous,  "cigar  bands"  (in  tissues) 

26)  straight  or  curved  polymorphous  rods 

27)  polymorphous  Mycobacteria 

28)  polymorphous,  thick  or  slender,  straight  rods  for  the  most  part 

29)  plicated,  dry,  eigonic,  glycerinophilic 

30)  slightly  plicated,  dry,  disgonic,  glycerine  not  required 

31)  smooth,  soft,  lustrous,  white  or  yellowish 

32)  white  or  cream,  plicated,  slightly  moist 

?3)  smooth  or  plicated,  moist,  white  or  gray,  chromogenic 
_»)  photochromogenic ,  scotochromogenic ,  or  nonchromogenic ,  moist, 
finely  plicated,  oily 

35)  slightly  moist,  plicated  or  smooth,  white  or  chromogenic 

36)  dry  plicated  film  on  surface 

37)  slowly  developing  film  on  surface 

38)  moist  film  on  surface ,  often  within  medium 

39)  slightly  moist  film  on  surface 

40)  moist  film  on  surface  or  flaky  sediment  on  bottom 

41)  moist  film,  growth  into  medium,  sediment  on  bottom 

42)  plicated  moist  film  or  mucoid  growth  within  medium 

43)  form  of  type  colonies 

44)  type  of  growth  of  virulent  variant 

45)  growth  rate  t 

46)  optimum  growth  temperature 

47)  chord  factor 

48)  pathogenicity  and  virulence  under  experimental  conditions 

49)  guinea  pigs 

50)  rabbits 

51)  chickens 

52)  white  mice 

53)  cattle 

54)  golden  hamsters 

55)  poikilotherms 
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56)  immunogenicity 

57)  significance  in  human  pathology 

58)  dry,  rough,  planoconvex  with  nonuniform  margins 

59)  flat  and  round,  smooth  and  granular,  rough 

60)  hem'  ipherical,  smooth,  soft 

61)  in  form  of  "steering  wheel,"  slightly  moist,  often  planoconvex 

62)  hemispherical,  smooth  in  most  cases 

63)  hemispherical,  smooth,  often  pigmented 

64)  smooth,  hemispherical,  plicated  on  aging 

65)  or 

66)  nonvirulent 

67)  S  (rarely  R),  nonpathogenic 

68)  days 

69)  highly  virulent 

70)  marked  virulence 

71)  weak  or  absent 

72)  weak 

3)  not  virulent 
.4)  absent 

15)  transient  local  infiltrations  in  rare  instances 

76)  none 

77)  strong  (Yersln  type) 

78)  weak 

79)  strong 

80)  virulence  pronounced 

81)  moderate 

82)  potentially  pathogenic,  abscesses,  "tail  disease" 

83)  pathogenic  in  some  cases  (v/v,  v/br) 

84)  weak  virulence 

85)  highly  virulent 

86)  local  abscesses 

87)  potentially  pathogenic 

88)  some  pathogenic 

89)  facultatively  pathogenic 

90)  nonpathogenic 

91)  weak  in  tissues 

92)  photochrome 


on  dissection,  and  whether  dead  of  specific  process  or  killed  after 
a  given  interval).  When  dissecting  the  animals  it  is  convenient  to  re¬ 
cord  the  pathologoanatomic  changes  on  individual  cards,  providing  each 
animal  with  corresponding  documentation. 

Toxicity.  Tuberculosis  Mycobacteria  do  not  produce  exotoxin, 
licwever,  filtrates  of  cultures  of  these  bacteria  on  liquid  nutritive 
media  are  toxic  for  animals  suffering  from  tuberculosis;  this  results 
from  release  into  the  medium  of  exotoxin  liberated  from  lyzed  bacter¬ 
ial  cells  (specific  proteins  and  lipids  soluble  in  petroleum  ether  and 
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chloroform).  Tuberculosis  Mycobacteria  also  produce  volatile  toxins. 
One  peculiarity  of  these  toxins  is  the  fact  that  they  have  a  specific 
action  only  on  humans  and  animals  infected  with  tuberculosis  (Table 
51). 

Determination  of  drug  resistance  of  tuberculosis  Mycobacteria 

So-called  drug-fast  or  resistant  Mycobacteria  are  found  in  pa¬ 
tients  undergoing  antibacterial  chemotherapy  and  sometimes  develop 
spontaneously  (primary  resistance).  In  some  cases  resistant  tuberculo¬ 
sis  Mycobacteria  are  quite  variable  (lnj  their  growth  capacity  and  form 
on  nutritive  media,  metabolism,  virulence,  and  morphology). 

Determination  of  resistance  of  tuberculosis  Mycobacteria  on  solid 
medium  containing  various  quantities  of  antibacterial  drugs.  Appro¬ 
priate  preliminarily  prepared  dilutions  of  streptomycin  or  phthviclde 
are  added  (to  the  coagulation  point)  to  Heiberg's  or  Petragnani's 
egg-milk  medium  (Table  52). 

Each  flask  is  labeled  with  the  antibiotic  concentration  which  it 
-^ntains.  The  medium  is  pour  ’i  into  test-tubes  (which  are  labeled)and 
the  latter  are  then  place-  a  Koch  coagulation  apparatus  in  a  semi- 
inclined  position  and  coagulated  at  85°j  for  45  min.  The  finished  med¬ 
ium  can  be  stored  under  refrigeration  for  no  more  than  1-1  1/2  weeks. 
In  the  direct  method  the  pathological  material  is  treated  with  4* 

NaOH  or  2%  HgSO^*  After  the  centrifugate  has  been  washed  with  sterile 
physiological  solution  or  neutralized  with  hydrochloric  acid  (when 
treated  with  NaOH)  it  is  mixed  with  2  ml  of  physiological  solution; 

5  test-tubes  containing  the  aforementioned  medium  are  inoculated  with 
0.2  ml  of  the  resultant  suspension.  An  equal  number  of  test-tubes  con¬ 
taining  medium  and  corresponding  antibiotic  concentrations  are  left 
uninoculated  as  controls.  If  an  isolated  culture  is  to  be  tested  (in¬ 
direct  method)  it  is  suspended  in  sterile  physiological  solution  by 
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comparison  with  a  BTsZh  bacterial  standard  (5  mg  per  ml)  an^  0.1  ml  of 
the  suspension  is  added  to  each  test-tube.  The  tubes  are  placed  in  a 
heater  in  an  almost  horizontal  position  and  removed  after  1-2  days; 
they  are  then  sealed  with  paraffin  or  rubber  stoppers  and  incubated 
for  3-4  weeks,  after  which  an  initial  evaluation  of  the  cultures  is 
made.  If  the  experimental  tubes  contain  growth  a  positive  report  is 
made.  If  no  growth  is  present  observation  is  continued  for  2  or  more 
months.  The  resistance  of  the  Mycobacteria  to  the  drug  in  question  is 
determined  from  the  number  of  colonies  in  the  experimental  tubes  con¬ 
taining  different  antibiotic  concentrations  and  in  the  correspondir. , 
controls.  Determination  of  the  drug  resistance  of  tuberculosis  Mycobac¬ 
teria  on  Gerrold's  yolk-agar  medium  (see  below)  containing  various 
quantities  of  antibacterial  drugs  is  carried  out  in  the  same  manner. 

Determination  of  drug  resistance  of  Mycobacteria  by  the  depth 
method. 

a)  Determination  of  streptomycin  resistance.  A  total  of  10  ml  of 
distilled  water  is  added  to  a  flask  containing  100,000  or  200,000  units 
of  streptomycin.  This  Is  the  "basic  dilution" (10,000  or  20,000  units 
per  ml  of  solution),  which  can  be  stored  for  1  month  at  +5  or  10°,  and 
is  used  to  make  up  dilutions  containing  1000,  100,  50,  10,  5,  2,  and 
0.5  y  of  streptomycin  per  ml.  Penicillin  solution  Is  added  to  the  nu¬ 
tritive  medium  (see  below)  used  to  prepare  the  dilutions;  this  is  done 
by  adding  10  ml  of  nutritive  medium  to  a  flask  containing  200,000  units 
of  penicillin.  After  the  penicillin  has  dissolved  0.1  ml  of  the  solu¬ 
tion  is  added  to  200  ml  of  nutritive  medium.  The  subsequent  streptomy¬ 
cin  dilutions  are  made  up  as  follows: 

b)  Determination  jf  phthvlclde  resistance.  Phthvlclde  dilutions. 

1.  In  order  to  o  tain  the  "basic"  dilution  12  mg  of  phthvlclde  is 


weip^d  out  and  mixed  with  6  ml  of  alcohol  and  then  with  6  ml  of  dis- 


TABLE  52 


Streptomycin  Dilutions  and  Addition  to  Nutritive 
Medium  ( 7  ■  0.001  mg) 


'  Test-tube  No.;  2)  streptomycin  dilution;  3)  amount  of  streptomycin; 
.)  amount  of  distilled  water;  5)  resultant  concentration;  6)  prepara¬ 
tion  of  medium  containing  different  streptomycin  concentrations;  7) 
amount  of  nutritive  medium  in  flask;  8)  amount  of  streptomycin  in  1  ml 
of  medium;  9)  basic  flask;  10)  units;  11)  ml;  12)  0.5  ml  of  dilution 
No.  2;  13)  the  same;  14)  phthvicide  dilutions  and  addition  to  nutritive 
medium;  15)  phthvicide  dilution;  16)  amount  of  phthvicide;  17)  amount 
of  solvent;  18)  preparation  of  medium  containing  different  phthvicide 
concentrations;  19)  amount  of  medium  in  flask;  20)  phthvicide  concen¬ 
tration  in  1  ml  of  medium;  21)  mg;  22)  ml  of  alcohol;  23)  ml  of  dis¬ 
tilled  water. 


tilled  water.  The  preparation  is  dissolved  over  a  period  of  3-5  min 
(producing  a  clear  yellowish  liquid).  The  resultant  dilution  amounts  to 
1000  7/ml  and  is  used  to  prepare  t’ilutions  of  100,  50,  10,  1,  0.1,  and 
0.05  7/ml.  Portions  of  2  ml  of  nutritive  medium  containing  the  corres¬ 
ponding  phthvicide  dilutions  and  penicillin  are  added  to  all  the  test- 
tubes  except  the  controls,  to  which  2  ml  of  medium  without  phthvicide 
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1)  Sequential  dilutions;  2)  initial  streptomycin  dilutions;  3)  nutri¬ 
tive  medium;  streptomycin  content  per  ml;  5)  basic;  6)  ml;  7)  dilu¬ 
tion. 


Ls  added.  In  direct  determination  0.2  ml  of  a  suspension  of  pathologi¬ 


cal  material  treated  in  the  manner  described  above  is  added  to  each  of 


the  tubes,  both  experimental  and  control,  after  preliminarily  mixing 


the  washed  residue  (centrifugate)  with  2  ml  of  the  nutritive  medium. 


After  incubation  in  a  heater  for  20  days  the  contents  of  one  of  the 


control  tubes  are  centrifuged  and  smears  are  made  on  slides,  dried. 


heat-fixed,  stained  by  Ziehl-Hughes ' s  method,  and  examined  microscop¬ 


ically.  When  acid-fast  Mycobacteria  are  present  in  the  smears,  in  the 


form  of  "plates,"  the  residues  (centrifugates)  in  the  other  tubes  are 


examined  and  the  microscopic  pattern  observed  is  used  to  evaluate  the 


resistance  of  tuberculosis  Mycobacteria  to  the  preparation  in  question. 


When  there  is  no  growth  in  the  control  tube  after  20  days  the  entire 


series  of  experimental  tubes  is  left  in  the  heater  for  an  additional 


10  days,  after  which  the  growth  in  the  control  is  reexamined.  If  tnere 


ls  no  growth  the  experiment  is  repeated. 


Determination  of  resistance  to  paraaminosallcylic  acid.  A  total 


of  10-15  mg  of  paraaminosallcylic  acid  ls  dissolved  in  10-15  ml  of 


Soton's  medium,  VKL  medium,  or  semisynthetic  medium  based  on  casein 


hydrolyzate,  yielding  a  solution  containing  1000  Y/ml ;  this  "basic" 


solution  is  used  to  make  up  paraaminosallcylic  acid  dilutions  of  250, 
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100,  50,  10,  1,  and  0.1  7/ml.  Resistance  to  this  drug  is  determined 
in  the  manner  described  above. 


The  microculturing  method  is  also  recommended  for  determining  the 
drug  resistance  of  tuberculosis  Mycobacteria  (see  page  663  for  a  des¬ 
cription  of  the  technique  employed). 

Sensitivity  and  resistance  of  tuberculosis  Mycobacteria.  Those 
tuberculosis  Mycobacteria  which  grow  only  at  streptomycin  concentra¬ 
tions  of  up  to  5  7/ml  (0.25,1,2  and  5  7/ml)  are  considered  sensitive 
to  this  drug.  Resistant  bacteria  grow  at  streptomycin  concentrations 
of  more  than  5  7/ml,  the  extent  of  their  resistance  being  expressed  by 
the  corresponding  concentrations  (10,  25,  100,  and  1000  7/ml).  Phthy- 
vazide-sensitlve  microbacteria  grow  in  concentrations  of  preparation 
up  to  and  Including  1  7/ml  (O.  05,  0.1  and  1  7/ml),  while  resistant 
forms  live  at  concentrations  above  1  7/ml  (2  and  over  5  7/ml;  10  and 
20  7/ml J . 

In  testing  drug  resistance  Heiberg's,  Petragnani 1 s,  and  Gerrold's 
r.jdia  should  be  used  as  solid  media  and  Soton's  synthetic  medium  (with 
plasma),  blood  medium  (see  below),  VKL  synthetic  medium  containing  se¬ 
rum  (or  plasma)  and  semisynthetic  media  based  on  casein  hydrolyzate  as 
liquid  media. 

Laboratory  Diagnosis  of  Tuberculosis  in  Humans 
Material  for  examination;  taking  of  samples 

In  order  to  establish  the  specific  etiology  of  a  disease  suspected 
of  being  tuberculosis  material  taken  from  the  patient  (sputum,  cerebro¬ 
spinal  fluid,  pleural  fluid,  pus,  urine,  feces,  puncture  specimens  from 
the  lymph  nodes,  etc.)  is  subjected  to  clinical  and  microbiological 
investigation.  The  material  is  examined  bacterioscopically,  bacterio- 
logically,  and  biologically  for  tuberculosis  Mycobacteria. 

Preparation  of  vessels  to  hold  material.  Tn  collecting  material 
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it  is  necessary  to  take  measures  to  prevent  contamination  with  extran¬ 
eous  acid-fast  Mycobacteria.  The  vessel  should  be  thoroughly  washed 
and  sterilized  in  a  dry-air  chamber  (at  160°  for  1  hr)  or  boiled  for 
1-2  hr.  Jars,  test-tubes,  etc.  are  sealed  with  cotton  stoppers,  paper 
covers,  etc.,  and  autoclaved  at  120°  for  20  min.  Glass  vessels  pre¬ 
viously  used  for  infected  material  are  filled  with  5%  carbolic  acid  or 
chloramine  for  24  hr  and  then  with  a  chromate  mixture  (50  g  of  potas¬ 
sium  dichromate  in  1  liter  of  concentrated  sulfuric  acid)  for  2-4  hr; 
they  are  then  thoroughly  rinsed  in  tap  water  and  finally  in  distilled 
.vater.  Rubber  tubes  and  probes  are  boiled  and  thoroughly  rinsed. 

Examination  of  sputum  for  tuberculosis  Mycobacteria.  The  sputum 
to  be  examined  should  be  as  fresh  as  possible.  The  most  highly  suppur¬ 
ative  lumps  (poured  off  into  a  Petri  dish)  are  transferred  to  clean 
degreased  slides  with  a  tweezers  or  spatula  and  thin  smearB  are  made 
by  crushing  them  between  two  slides;  the  smears  are  air-dried  and  im¬ 
mediately  flame-fixed.  The  resultant  preparation  is  stained  with  ear- 
bol  fuchsin  (through  filter  paper),  rinsed  with  water,  and  decolorized 
with  15-25%  sulfuric  acid;  after  rinsing  with  water  (to  remove  the 
acid)  it  is  treated  with  3t  alcoholic  sulfate,  again  rinsed  with  water, 
and  restained  (for  5  min)  with  aqueous  methylene  blue.  After  the  spe¬ 
cimen  has  dried  it  is  examined  microscopically  with  an  oil-immersion 
objective.  Approximately  100  fields  of  view,  covering  virtually  the 
entire  preparation,  are  inspected.  Tuberculosis  Mycobacteria  appear 
bright  red,  slender,  and  delicate  and  are  found  singly  or  in  groups, 
principally  extracellularly .  When  differentiation  from  saprophytes  is 
doubtful  the  smears  are  also  treated  by  Teleman's  or  Weichselbaum' s 
method  or  with  It  Javel  water  (see  below).  If  no  acid-fast  rods  are 
detected  in  the  smears  it  is  helpful  to  make  thicker  smears  and  stain 
them  by  Spengler's  method  or  to  employ  one  of  the  concentration  tech- 
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niques.  The  most  widely  used  of  the  latter  is  the  flotation  method,  in¬ 
cluding  culturing  of  flotation  rings. 

Technique  of  the  flotation  method.  An  equal  volume  of  If  sodium 
hydroxide  is  added  to  the  bottle  containing  the  sputum,  which  is  then 
tightly  stoppered  and  shaken  manually  or  in  a  shaking  machine  for  15- 
25  min,  until  the  sputum  has  completely  dissolved.  The  liquid  is 
poured  into  a  sterile  400  ml  flask  or  a  bottle,  which  is  sealed  with  a 
rubber  stopper  and  heated  in  a  water  bath  at  55°  for  30  min.  At  this 
point  1-2  ml  of  xylol  and  200  ml  of  distilled  water  are  added  and  the 
bottle  is  shaken  for  10  min  and  left  to  stand  at  room  temperature  for 
10-20  min.  A  creamy  froth  forms  on  the  surface  and  is  carefully  col¬ 
lected  with  a  sterile  Pasteur  pipette  equipped  with  a  rubber  band  or 
bulb  and  transferred  to  a  clean  slide  placed  on  a  glass  plate  in  a  warm- 
water  bath  (60°),  As  the  slide  dries  new  portions  of  froth  are  overlay¬ 
ered  on  it  for  concentration  (until  all  the  flotation  material  has  been 
used).  The-  dry  preparation  is  flooded  several  times  with  ether  from  a 
pipette  in  order  to  degrease  it.  After  the  ether  has  evaporated  the 
smear  is  fixed,  usually  by  heating.  Benzine,  ligroin,  benzene,  gasoline, 
and  petroleum  ether,  but  not  kerosene  can  be  substituted  for  the  xylol. 
The  flotation  rings  can  be  cultured  (see  below). 

Investigation  of  lavage  fluids.  Suppurative  lumps  are  examined 
bacterioscopicallyj  further  investigation  is  carried  out  in  the  manner 
described  below. 

Investigation  of  smears  from  the  throat  or  mouth.  If  no  sputum  is 
expectorated  an  attempt  can  be  made  to  obtain  It  with  a  laryngial  probe 
or  from  the  mouth  with  a  sterile  pad  (in  children).  Suppurative  lumps 
are  smeared  on  a  slide  and  the  smear  is  stained  by  Ziehl-Neelsen' s 
method  and  examined  bacterioscopically . 

Investigation  of  urine.  The  urine  residue  produced  by  centrifuga- 
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tion  serves  as  the  material  for  examination.  Special  attention  is  paid 
to  differentiation  from  Mycobacterium  smegmatis. 

Cerebrospinal  fluid  is  taken  under  aseptic  conditions,  immediately 
discharged  from  the  syringe  into  a  sterile  test-tube,  and  left  to  stanu 
overnight  under  refrigeration.  A  thin  fibrous  film  ("web")  is  formed 
ard  usually  contains  any  tuberculosis  Mycobacteria  present.  The  film  is 
carefully  "drawn  out”  onto  a  slide,  air-dried,  fixed,  and  stained  by 
Ziehl-?’-"' sen's  or  Ziehl-Hughes ' s  method.  If  no  film  is  formed  the  ln- 
ves  'g3 .ion  _s  repeated  with  the  residue  obtained  by  centrifugation 
,  for  30  min  at  ; f 000— 3000  rpm). 

I 

Use  of  the  luminescence  method  for  detecting  tuberculosis  Mycobacteria 

Use  of  luminescence  microscopy  for  detecting  tuberculosis  Myco¬ 
bacteria  has  a  number  of  advantages  over  direct  bacterioscopy  for 
smears  stained  by  Ziehl-Neelsen' s  method.  When  the  investigator  has  ac¬ 
quired  a  certain  skill  the  luminous  rods  are  quickly  detected  against 
the  dark  field;  examination  of  the  smear  at  low  magnification  (approxi¬ 
mately  280  x)  permits  inspection  of  a  larger  field  of  view  and  reduces 
eyestrain,  while  the  color  of  the  luminescence  sometimes  aids  in  making 
a  rough  differentiation  of  tuberculosis  Mycobacteria  from  acid-fast  sa; 
rophytes.  Luminescence  microscopy  is  thus  a  rapid  method,  albeit  rough, 
for  detecting  tuberculosis  Mycobacteria. 

The  following  fluorochrome  dyes  are  the  principal  ones  used  in 
examination  for  tuberculosis  Mycobacteria:  1)  auramine  (1  g);  2)  rhoda- 
mine  B  (0.1  g  in  1  liter  of  distilled  water);  3)  acridine  orange  (0.1 
in  1  liter  of  distilled  water). 

The  f luorochromes  are  diluted  in  distilled  water  which  has  been 
boiled  and  cooled  3  times. 

Smears  are  prepared  (from  sputum  and  other  materials)  on  thin, 
clean,  degreased  slides  and  air-dried  for  1-2  hr  (well-dried  smears  a r ■ 
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not  washed  during  the  subsequent  operations).  The  drying  time  can  be 
reduced  by  carefully  heating  the  preparation  or  by  playing  a  stream  of 
air  over  it  (with  a  fan).  One  smear  is  stained  by  Ziehl-Neelsen's  meth¬ 
od  and  another  with  auramine-rhodamine  for  10  rain.  The  specimens  are 
then  thoroughly  rinsed  with  tap  water,  differentiated  with  alcoholic 
sulfate  for  15  sec,  and  again  rinsed  with  water;  the  background  is 
darkened  with  an  acid  fuchsin  solution  (1  g  of  fuchsin,  1  ml  of  acetic 
acid,  and  500  ml  of  distilled  water)  for  1  min  and  the  smear  is  rinsed 
with  water. 

Tuberculosis  Mycobacteria  usually  luminesce  golden  orange  against 
a  black  background  (the  "starry  sky"  pattern);  acid-fast  saprophytes 
appear  greenish  with  an  orange  tinge  (this  trait  is  not  consistent). 
According  to  Strugger's  data,  liver  tuberculosis  Mycobacteria  lumin¬ 
esce  red  and  dead  ones  green  when  stained  with  acridine,  but  this  has 
not  been  confirmed  by  subsequent  investigations  (N.N.  Bobrov,  M.I. 
Meysel',  et  al.). 

In  investigating  cerebrospinal  fluid  for  tuberculosis  Mycobacteria 
positive  results  can  be  obtained  12.5  times  as  often  by  luminescence 
microscopy  as  by  examination  of  specimens  stained  by  Ziehl-Neelsen's 
method  (A. A.  Batyreva). 

Bacteriological  examination 

Isolation  of  cultures  of  tuberculosis  Mycobacteria  from  pathologi¬ 
cal  material.  Bacterioscopic  examination  does  not  always  permit  detec¬ 
tion  of  tuberculosis  Mycobacteria.  Isolation  and  study  of  cultures  make 
it  possible  to  conduct  a  more  complete  investigation.  Culturing,  of  ma¬ 
terial,  generally  sputum,  must  be  conjoined  with  a  method  intended  to 
kill  or  retard  the  growth  of  extraneous  bacteria.  Methods  based  on 
treatment  of  the  material  with  an  acid  or  alkali  which  does  not  affect 
tuberculosis  Mycobacteria  at  the  concentrations  used  are  employed  for 
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this  purpose.  The  techniques  devised  by  Levenstein-Sumiyoshi,  Cohn, 
Petrov,  Mazur,  Helberg-Mazur,  etc.,  are  most  frequently  used. 

Levenstein-Sumiyoshi ' s  method  (as  modified  by  M.V.  Trlus  and 
A.  A.  Klebanova).  Several  milliliters  of  sputum  are  mixed  with  5-6  ml  of 
152  sterile  sulfuric  acid  in  a  sterile  Jar  (containing  glass  beads). 

The  mixture  is  shaken  for  several  minutes,  until  it  is  completely  hom¬ 
ogenized,  poured  into  centrifuge  tubes,  and  centrifuged.  The  sulfuric 
acid  should  not  be  permitted  to  act  for  more  than  15-20  min.  Observing 
strict  asepsis,  the  residue  is  thrice  rinsed  with  sterile  physiological 
olution  during  centrifugation  and  then  transferred  with  a  spatula  to 
test-tubes  containing  glycine-potato  or  egg-milk  medium  (Petragnani, 
Heiberg).  Inoculation  is  carried  out  by  rubbing  a  large  quantity  of  the 
residue  into  the  surface  of  the  medium. 

Cohn's  method.  An  equal  amount  of  6-12*  sulfuric  acid  is  added  to 
the  material  in  a  sterile  Jar  containing  beads  (as  above),  which  is 
shaken  with  circular  motions  (if  the  material  is  not  heavily  contamin¬ 
ated  with  extraneous  microorganisms  it  is  best  to  use  3*  sulfuric 
acid).  The  material  is  then  transferred  to  centrifuge  tubes  and  centri¬ 
fuged  in  such  fashion  that  the  total  action  time  of  the  sulfuric  acid 
does  not  exceed  20  min.  The  liquid  is  poured  off  and  the  residue  (with¬ 
out  washing  off  the  acid)  is  carefully  spread  with  a  spatula  on  an  egg- 
milk  medium  (Cohn’s,  Petragnani’ s,  or  Heiberg’s  medium). 

Mazur's  method.  Sputum  or  other  pathological  material  is  trans¬ 
ferred  to  a  short,  broad  sterile  test-tube  with  a  tightly  fitted  rubber 
stopper.  A  total  of  3-^  ml  of  2-3*  sterile  sulfuric  acid  is  added  and 
the  stoppered  tube  is  vigorously  shaken  "up  and  down"  for  3  min.  A 
froth,  which  traps  the  tuberculosis  Mycobacteria,  is  formed  and  is 
transferred  to  egg  medium  with  a  platinum  spatula. 

Culturing  of  flotation  rings.  Sputum  or  other  material  is  treated 
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in  a  narrow-mouth  bottle  (see  above).  The  material  is  flooded  with  an 
equal  quantity  of  0.5*  potassium  or  sodium  hydroxide,  shaken  until  com¬ 
pletely  homogenized  (10  min),  mixed  with  100  ml  of  sterile  distilled 
water  and  0.5  ml  of  xylol  or  benzine  (filtered  through  a  cotton  filter), 
and  shaken  vigorously  for  5  min;  the  bottle  is  then  filled  to  the  base 
of  the  neck  with  distilled  water.  The  flotation  ring  thus  formed  i3 
collected  with  a  sterile  Pasteur  pipette  and  transferred  to  a  sterile 
slender  test-tube.  An  equal  quantity  of  sterile  3-6*  sulfuric  acid  is 
added  and  the  tube  is  sealed  with  a  rubber  stopper,  vigorously  shaken 
for  5  min,  and  left  to  stand  for  10  min,  until  a  compact  ring  has 
formed.  The  ring  is  transferred  to  egg  ir  ,-dium  with  a  platinum  spatula 
and  cultured  in  the  usual  manner. 

Mycobacteria  appear  within  3-4  weeks  with  all  these  culturing 
methods;  in  ~rder  to  accelerate  bacteriological  diagnosis  it  is  helpful 
to  employ  micromethods  for  isolating  tuberculosis  Mycobacteria  from 
pathological  material. 

Price's  method  (as  modified  by  A.S.  Khol'tsman  and  R.A.  Shkol'nl- 
kova) .  Thin  smears  of  the  material  to  be  examined  are  made  at  one  end 
of  clean  (flamed)  narrow  slides.  After  the  preparations  have  been  dried 
several  drops  of  sterile  2-6*  sulfuric  acid  are  applied,  permitted  to 
act  for  5  min,  and  then  washed  off  with  sterile  physiological  solution 
(carefully!).  The  slides  are  transferred  (smear  down)  with  a  sterile 
forceps  to  previously  prepared  and  labeled  test-tubes  containing  nutri¬ 
tive  medium,  using  4  tubes  (4  slides)  for  each  batch  of  material.  The 
tubes  and  slides  (smears)  are  incubated  in  a  heater  for  2-4  weeks.  Af¬ 
ter  7-10  days  one  slide  is  stained  by  Ziehl-Hughes 's  method  and  exam¬ 
ined  microscopically.  One  smear  from  each  batch  of  material  (the  con¬ 
trol)  is  examined  immediately  after  preparation  (without  incubation) 
for  acid-fast  Mycobacteria.  The  nutritive  medium  can  be:  1)  blood  med- 
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ium;  2)  a  semisynthetic  medium  based  on  casein  hydrolyzate  and  con¬ 
taining  5 %  human  serum.  A  macroscopically  visible  colonial  growth  can 
be  seen  on  the  slides  when  clear  media  are  used. 

Depth  culturing  in  blood  medium  (Shkol'nikova's  method).  The  ma¬ 
terial  is  preliminarily  treated  with  3-5 %  sterile  sulfuric  acid  by  cen¬ 
trifugation  (for  no  more  than  20  min)  and  the  residue  is  then  washed 
with  sterile  distilled  water  (for  5  min),  transferred  to  blood  medium 
in  test-tubes  (*J  ml)  with  a  sterile  Pasteur  pipette,  and  incubated  at 
37-38°  for  10-20-30  days.  The  residue  is  stained  by  Ziehl-Hughes 's 
method  for  the  time  indicated  above  and  examined  microscopically.  Cul¬ 
tures  can  be  made  on  a  solid  medium  (egg  medium).  This  technique  is 
sufficiently  effective  (for  culturing  sputum,  pus,  pleural  fluid,  etc.). 

Biopsy  material  is  shipped  in  a  sterile  Jar  or  test-tube  without 
preservative.  It  is  cut  into  small  pieces  with  a  curved  scissors  in  ^ 
sterile  mortar  (aseptically)  and  then  ground  with  sand,  adding  a  small 
quantity  of  3%  sterile  sulfuric  acid.  The  homogenate  is  centrifuged 
and  washed  twice  with  sterile  physiological  solution  to  remove  the 
acid.  The  time  for  which  the  material  is  in  contact  with  the  sulfuric 
acid,  Including  the  washing  period,  should  not  exceed  20  min.  It  is 
cultured  on  egg  media. 

Investigation  of  milk:  30-50  ml  of  aseptically  collected  milk  is 
centrifuged  for  20  min  and  the  residue  is  treated  with  3-5?  sulfuric 
acid  (as  described  above)  and  cultured  on  Cohn's,  Petragnani’s,  or 
Heiberg's  medium.  If  there  is  very  little  residue  the  acid  is  not 
washed  off. 


Investigation  of  feces.  Examination  of  feces  for  tuberculosis  My¬ 
cobacteria  Is  of  no  special  diagnostic  value  for  bacillary  patients, 
who  swallow  their  sputum.  If  it  is  necessary  to  establish  tubercular 
damage  to  the  Intestine  (presence  of  ulcers)  special  attention  must  be 
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paid  to  mucous  and  membranous  material  In  the  feces,  which  are  sub- 
Jected  to  bacterloscopic  and  bacteriological  examination. 

Investigative  technique.  1.  Approximately  5  g  of  fecal  matter  Is 
ground  with  sand  in  a  mortar,  adding  small  portions  of  25*  aqueous  sod¬ 
ium  chloride  to  obtain  a  semiliquid  mass,  which  is  filtered  through 
sterile  gauze.  The  filtrate  is  poured  into  centrifuge  tubes,  filling 
them  2/3  full,  2  ml  of  a  mixture  of  sulfuric  ether  and  ligroin  is  added 
to  each  tube,  and  the  tubes  are  sealed  with  sterile  rubber  stoppers, 
shaken,  and  centrifuged  for  10-20  min.  The  surface  layer  of  liquid  is 
poured  off  and  the  residue  is  shaken  with  4)1  sodium  hydroxide,  left 
to  stand  for  3  hr  in  a  heater,  and  centrifuged;  the  supernatant  is  dis¬ 
carded.  The  centrifugate  Is  neutralized  with  several  drops  of  8)1  hydro¬ 
chloric  acid  and  cultured  on  egg  media. 

2.  The  feces  are  processed  by  the  flotation  method.  Suppurative 
lumps  are  ground  in  a  mortar  with  a  small  quantity  of  distilled  water 
(20  ml)  and  filtered  through  a  cotton-gauze  filter;  the  liquid  floats 
(as  in  the  case  of  sputum)  and  the  flotation  ring  can  be  cultured. 

Examination  of  blood  for  tuberculosis  Mycobacteria.  1.  A  blood 
specimen  of  3-5  ml,  taken  aseptically  from  a  vein,  is  added  to  a  test- 
tube  containing  twice  as  much  sterile  distilled  water.  The  hemolyzed 
blood  Is  Incubated  in  a  heater  for  4-6  weeks  to  permit  growth  of  tuber¬ 
culosis  Mycobacteria. 

2.  A  total  of  5  ml  of  venous  blood  is  mixed  with  3  ml  of  10*  sod¬ 
ium  citrate  in  a  sterile  test-tube  and  centrifuged.  The  citrated  plasma 
is  drawn  off  with  a  sterile  Pasteur  pipette  and  the  entire  residue  is 
transferred  to  a  test-tube  containing  4  ml  of  sterile  distilled  water, 
shaken,  and  centrifuged  for  approximately  10  min.  The  supernatant  is 
poured  off  and  1  ml  of  3*  sterile  sulfuric  acid  is  added  to  the  resi¬ 
due,  which  is  shaken  for  3  min,  mixed  with  5  ml  of  sterile  distilled 
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water,  and  again  centrifuged.  The  supernatant  13  discarded,  1  ul  of 
sterile  physiological  solution  is  added  to  the  centrifugate, and  th- 
entire  suspension  is  transferred  with  a  pipette  to  2-3  test-tubes  < 
tainlng  egg-milk  medium.  The  tubes  are  incubated  in  a  heater  for  3- 
weeks. 

Culturing  technique  for  solid  and  liquid  media.  Pure  cultures 
transferred  to  solid  media  with  a  platinum  (or  stainless  steel)  sp^ 
la,  which  is  used  to  rub  them  gently  into  the  surface  of  the  medium. 
Liquid  media  are  inoculated  with  a  pierced  spatula:  l)by  transferri 
i  fragment  of  a  young  film  from  a  liquid  medium  to  the  medium  to  b( 
Inoculated  (the  film  should  not  be  immersed  in  the  liquid);  2)  by 
transferring  a  thin  film  grown  on  a  liquid  phase  (glycerine  water) 
Pavlovskiy's  potato  medium  in  a  Roux  test-tube;  3)  by  Inoculating 
liquid  medium  with  a  suspension  of  the  culture.  In  the  latter  case 
given  quantity  of  a  young  culture  is  transferred  under  rigidly  ase; 
conditions  to  a  sterile  Jar  containing  beads,  which  is  shaken  for  1 
min  with  no  liquid;  5-10  ml  of  sterile  medium  or  physiological  3olu 
is  then  added.  Inoculation  is  carried  out  with  a  Pasteur  pipette  or 
siphon  (for  large  cultures).  After  shaking,  the  cultures  are  placed 
a  heater  for  3-5  days  and  the  flasks  are  then  carefully  tilted  to  b: 
the  cultures  to  the  surface  from  the  bottom.  The  flasks  are  left  tc 
stand,  growth  appearing  on  the  surface  after  8-10  days,  as  first  a  * 
and  then  a  thicker  film. 

Methods  of  studying  the  characteristics  of  acid-fast  Mycobacte,- 
lsolated  from  pathological  or  other  material.  The  cultures  may  be:  . 
true  tuberculosis  Mycobacteria  of  a  given  type;  2)  altered  tubercul- 
Mycobacteria;  3)  so-called  "atypical"  acid-fast  Mycobacteria;  4)  ac : 
fast  saprophytes.  The  methods  of  distinguishing  them  are  morphologi 
tinctorial  (resistance  of  stained  smears  to  decolorization  by  acids, 
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alkalies,  alcohol,  and  Javel  water),  cultural,  biochemical,  and  biolog¬ 
ical. 

The  morphology  of  Mycobacteria  is  not  a  sufficiently  reliable 
trait.  However,  the  presence  of  delicate,  slender,  rather  uniform  rods 
which  stain  red  by  Ziehl-Hughes * s  method  always  points  toward  a  tubular 
nature  in  Mycobacteria  isolated  from  material  from  patients  by  stain¬ 
ing. 

Among  the  basic  methods  for  direct  differentiation  of  tuberculo¬ 
sis  Mycobacteria  from  saprophytes  and  other  species  of  the  group  (genus) 
we  should  point  out  those  devised  by  Ziehl  and  Hughes  (see  above).  Tel¬ 
eman,  and  Weichselbaum,  which  are  based  on  the  lower  alkali-  and  alco- 

Y 

hol-fastness  of  a  number  of  Mycobacteria. 

Teleman's  method.  The  specimen  is:  a)  stained  with  Ziehl 's  fuchsin 
heated  to  the  vaporization  point  (see  above);  b)  decolorized  with  alco¬ 
holic  potassium  hydroxide  (one  part  of  30%  potassium  hydroxide  in  3 
parts  of  603  alcohol);  c)  restained  (after  rinsing  with  water)  with 
m.thylene  blue. 

Weichselbaum' s  method.  The  specimen  is:  a)  stained  with  heated 
Ziehl’ s  fuchsin;  b)  rinsed  with  water  and  air-dried;  c)  stained  in  sat¬ 
urated  alcoholic  methylene  blue  for  5  min;  d)  rinsed  with  water.  Tuber¬ 
culosis  Mycobacteria  are  stained  red,  while  Mycobacterium  smegmatis  and 
other  alcohol-  and  alkali-sensitive  Mycobacteria  are  stained  blue.  In 
particularly  doubtful  cases  smears  stained  by  Ziehl-Hughes ’ s  method  are 
tested  for  resistance  to  the  (decolorizing)  action  of  Javel  water, 
acids,  and  alkalies. 

Method:  Stained  smears  containing  acid-fast  rods  are  immersed  in 
beakers  filled  with  the  following  solutions:  l)sulfuric  ac>d  (5,  10, 
and  251);  2)  potassium  or  sodium  hydroxide  (5,  10,  anc^4?5!l);  3)  Javel 
water  (0.01,  0.1,  and  1H).  After  predetermined  intervals  (5,  30,  and 
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60  min  and  3,  6,  12,  and  24  hr  or  longer  if  decolorization  has  not 
taken  place)  the  slides  are  removed  from  the  solutions,  thoroughly 
rinsed  with  water,  restained  with  aqueous  methylene  blue,  and  examined 
microscopically  with  an  immersion  objective  for  acid-fast  Mycobaoteria. 

Saprophytes  usually  lose  their  color  rapidly,  especially  when  ex¬ 
posed  to  concentrated  solutions  of  sodium  hydroxide  or  Javel  water. 

True  tuberculosis  Mycobacteria  retain  the  dye  for  several  days  under 
the  action  of  acids  and  for  2-24  hr  under  that  of  alkalies  (depending 
on  the  concentration),  while  the  majority  of  "atypical"  Mycobacteria 
lose  their  color  after  a  few  minutes  or  hours. 

The  test  for  resistance  to  acids  and  alkalies  permits  a  rough 
differentiation  of  true  tuberculosis  Mycobacteria  from  saprophytes  in 
stained  smears,  but  is  not  always  sufficient  for  a  complete  differen¬ 
tial-diagnostic  characterization  of  Mycobacteria.  It  is  consequently 
necessary  to  resort  to  isolation  of  cultures.  The  following  character¬ 
istics  are  significant  in  this  case:  growth  rate,  type  of  colonies  and 
cultures,  most  favorable  growth  temperature  (10,  20,  37,  or  41°), 
character  of  growth  on  selected  favorable  and  unfavorable  media,  and 
ability  to  produce  a  homogeneous  or  lumpy  suspension  in  physiological 
solution.  These  traits  permit  a  rough  assignment  of  the  cultures  iso¬ 
lated  to  one  of  the  basic  types  of  tuberculosis  Mycobacteria  or  to  one 
of  the  other  species  of  the  genus.  All  the  aforementioned  indices  can 
be  studied  by  tests  for  virulence  in  vitro  and  in  vivo,  which  are  car¬ 
ried  out  by  testing  for  the  chord  factor  or  for  Dubos  and  Middlebrook's 
virulence  factor.  It  is  convenient  to  observe  the  character  of  the  my¬ 
cobacterial  growth  in  microcultures,  checking  them  microscopically. 

Mlcroculturlng  technique:  a  suspension  of  1  mg  per  ml  (determined 
by  comparison  with  a  standard  or  by  weighing)  of  Mycobacteria  from 
colonies  or  cultures  (6-13-15  days)  is  made  up  in  sterile  physiological 
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solution;  the  suspension  is  freed  of  large  clumps  of  bacteria  by 
standing  for  1  hr  under  refrigeration  and  mixed  with  an  equal  quantity 
of  sterile  5$  bovine  or  human  serum  in  physiological  solution.  Portions 
of  0.03  ml  of  the  suspension  are  applied  to  one  end  of  narrow  slides 
(cut  longit idinally)  preliminarily  sterilized  in  covered  Petri  dishes. 
The  drops  ate  carefully  smeared  with  the  fused  tip  of  a  sterile  Pas¬ 
teur  pipett'i  over  an  area  of  the  slide  the  size  of  a  Kopeck.  The  dishes 
(covered)  are  placed  in  a  heater  for  40-60  min  to  dry  (this  operation 
must  be  carried  out  under  aseptic  conditions!).  The  dry  smears  are  left 
in  the  Petri  dishes  and  treated  (fixed)  with  2-5X  sterile  sulfuric  acid 
(for  3  min),  which  is  then  thoroughly  washed  off  by  repeated  applica¬ 
tion  of  sterile  distilled  water.*  One  smear  is  immediately  stained 
(by  Ziehl's  method)  and  examined  microscopically  for  Mycobacteria, 
which  should  occur  singly  or- in  very  small  groups  (control  smear).  The 
slides,  smear  down,  are  immersed  in  nutritive  medium  in  test-tubes  (5- 
6  ml),  which  are  placed  in  racks  in  a  heater  (2  rows).  The  nutritive 
".-aium  can  be  semisynthetic  medium  based  on  casein  hydrolyzate  and  con¬ 
taining  human  or  bovine  serum,  VKL  medium  containing  5 %  serum,  or 
citrated  bovine  or  ovine  blood  in  a  dilution  of  4:1.5.  At  various  in¬ 
tervals  (8-16-20  days)  one  slide  is  removed  from  the  test-tubes,  the 
nutritive  medium  is  thoroughly  washed  off,  and  the  smear  is  fixed  in 
Nikiforov's  solution,  stained  by  Ziehl-Neelsen' s  or  Ziehl-Hughes ' s 
method,  and  examined  microscopically.  The  following  are  the  principal 

}' 

types  of  growth  (Pig.  68):  1)  plates  of  close-packed,  linearly  arrayed 
acia-fast  rods,  which  are  slow-growing,  thickened,  and  intertvined 
(virulent  tuberculosis  Mycobacteria);  2)  colonies  which  grow  rapidly 
(usually  6-8  days)  on  slides  and  are  visible  macroscopically .  Rather 
loose,  long  plates  intertwined  in  places  (resembling  curls)  can  be  de¬ 
tected  microscopically  in  stained  preparations  (tuberculosis  Mycobac- 
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teria  of  reduced  virulence;  chromogenic  strains  are  variants);  3) 
slender,  long  or  short  curved  "plates,"  which  are  slow-growing  and 
acid-fast  (nonpathogenic  tuberculosis  Mycobacteria  with  residual  viru¬ 
lence;  BTsZh  etc.);  *0  after  3-6-12  days  clumps  of  nongranular  poly¬ 
morphous  rods  appear  against  a  background  of  an  amorphous  nonacid-fast 
substance;  the  rods  are  often  acid-fast,  free-lying  "granules"  (so- 
called  "atypical  Mycobacteria"  and  nonpathogenic  and  nonvirulent  var¬ 
iants;  5)  after  4-6  days  weakly  acid-fast  polymorphous  rods  accumulate 
randomly  against  a  background  of  an  amorphous  light  blue  (when  stained 
by  Ziehl-Hughes *s  method)  substance  (acid-fast  saprophytes). 

Among  the  indirect  tests  for  virulence  in  tuberculosis  Mycobacter¬ 
ia  is  Dubos  and  Middlebrook's  cytochemical  test  with  neutral  red;  viru¬ 
lent  tuberculosis  Mycobacteria  give  a  strongly  positive  reaction, 
staining  dark  red,  while  those  with  attenuated  virulence  stain  reddish 
and  saprophytes  stain  yellow  (as  a  result  of  the  presence  of  different 
dehydrogenases).  The  neutral-red  reaction  serves  as  a  guideline,  the 
value  and  accuracy  of  its  virulence  "readings"  being  relative. 

Method:  individual  colonies  or  a  small  quantity  of  culture  mater¬ 
ial  is  carefully  ground  with  a  glass  rod  in  a  sterile  test-tube  and 
twice  washed  with  50 t  methanol  at  37°  (during  centrifugation).  Approx¬ 
imately  3  ml  of  1?  barbiturate  buffer  in  5%  sodium  chloride  (pH  9.0- 
9*4)  and  a  drop  of  aqueous  1<  neutral  red  are  added  to  the  residue.  The 
supernatant  slowly  changes  from  red  to  yellow  and  the  residue  takes  on 
a  red,  reddish,  or  yellow  color  over  the  next  15^-30  min.  In  experiments 
with  chromogenic  cultures  clearer  results  are  obtained  by  washing  young 
cultures  with  50*  methanol  in  ether  and  then  adding  the  barbiturate 
buffer. 

A  second  test,  also  based  on  the  varying  enzymatic  activity  of  My¬ 
cobacteria,  is  determination  of  their  catalase  activity,  which  is  mcst 
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Pig.  68.  Microcultures  on  slides.  1)  Virulent  tubercular  strain;  com¬ 
pact  plates;  2)  attenuated  immunogenic  variant  (137/2);  loose,  curly 
plates;  3)  chromcgenic  nonpathogenic  variant  (137  p);  loose  plates;  4) 
BTsZh-Mcro  vaccine  strain;  growt.i  in  form  of  loose  flakes  and  short 
filaments;  5)  nonpathogenic,  nonvirulent  "atypical”  Mycobacterium 
strain  No.  8  (isolated  from  tuberculosis  patient);  loose  flakes;  6) 
chromogenic  strain  (Isolated  from  tuberculosis  patients);  coarse  flakes 
of  cyanophilic  substance  with  acid-sensitive  and  acid-fast  rods  (sapro¬ 
phyte). 


pronounced  in  saprophytes,  "atypical"  Mycobacteria,  attenuated  tuber¬ 
culosis  Mycobacteria,  and  strains  resistant  to  preparations  of  iso- 
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nicotinic  hydrazide. 

^  Method  of  determining  catalase  activity.  Middlebrook' s  qualitative 

method  (adopted  by  the  International  Committee  on  Laboratory  Methods): 
a  mixture  of  equal  parts  of  30%  hydrogen  peroxide  (pro  analysi)  and 
10!l  Twin's  solution  is  made  up.  Approximately  1  ml  of  this  mixture  is 
added  to  a  H-5-week  culture  (on  M.U.I.T.  medium  or  any  egg  medium)  with 
a  Pasteur  pipette,  keeping  the  test-tube  in  an  almost  horizontal  posi¬ 
tion.  The  relative  activity  is  determined  from  the  rate  of  gas-bubble 
evolution  over  a  3-min  period.  Catalase-negative  colonies  do  not  de¬ 
compose  the  peroxide,  even  when  given  5-10  min.  Only  the  30%  hydrogen 
peroxide  (without  the  Twin  solution)  should  be  used  for  young  cultures. 
The  most  common  method  for  quantitative  determination  of  catalase  ac¬ 
tivity  is  iodometric  titration:  a  weighed  portion  of  washed  bacteria 
is  transferred  to  a  cooled  mortar  and  ground  with  glass  beads  for  5 

I  min.  Cold  buffer  solution  (15  M  phosphate  solution  at  pH  6.98)  is  added 

to  produce  a  concentration  of  50  mg  of  bacteria  per  ml  and  the  mixture 
is  left  to  stand  at  0°  for  1  hr;  the  resultant  suspension  is  filtered 
and  1  ml  of  the  filtrate  is  added  to  25  ml  of  IV/100  One  test- 

tube  is  held  at  0°  and  another  at  10°.  Portions  of  5  ml  of  the  liquid 
are  transferred  to  flasks  containing  5  ml  of  10X  sulfuric  acid  after 
3,  6,  and  9  min.  A  total  of  10  ml  of  10%  potassium  iodide  and  a  drop 
of  IX  ammonium  molybdate  are  added  to  each  flask.  The  remaining  unde¬ 
composed  hydrogen  peroxide  is  titrated  with  N/200  Na^O^  containing 
starch.  The  quantity  of  undecomposed  characterizes  the  catalase 

activity.  Peitser  and  Widelock's  relatively  simple  colorimetric  method 
(1955)  for  determining  catalase  activity  (in  isoniacide-fast  tubercu¬ 
losis  Mycobacteria)  is  based  on  the  change  produced  in  the  intensity 
of  the  yellow  color  of  an  ammonium  molybdate  solution  by  hydrogen  per¬ 
oxide,  which  depends  on  the  extent  to  which  the  latter  is  decomposed 
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by  the  mycobacterial  catalase. 

The  most  precise  method  for  determiaing  the  pathogenicity  and  vir¬ 
ulence  of  the  cultures  isolated  is  administration  of  definite  doses  to 
guinea  pigs,  rabbits,  and  white  mice  'see  page  642  for  a  description  of 
this  technique) . 

Serological  investigation 

The  following  serological  reactions  are  employed:  1)  the  comple¬ 
ment-fixation  reaction;  2)  the  indirect-hemagglutination  reaction;  3) 
the  double-diffusion  reaction  in  a  gel.  These  reactions  are  of  only 
relative  diagnostic  value.  They  are  used  principally  as  indirect  in¬ 
dices  of  immunological  dynamics  in  tuberculosis  patients  (the  comple¬ 
ment-fixation  and  hemagglutination  reactions)  and  to  establish  an 
antigenic  similarity  among  acid-fast  Mycobacteria,  usually  atypical 
strains,  isolated  from  the  patient. 

The  complement-fixation  reaction  is  set  up  in  the  usual  manner, 
titrating  the  complement  doses  (page  154);  the  most  specific  and  sen- 
tive  antigens  are  phosphatide  antigens  prepared  by  Negra  and  Bocke’s 
method  and  those  prepared  from  the  polysaccharides  of  tuberculosis  My¬ 
cobacteria. 

The  less  cumbersome  indirect  hemagglutination  reaction  proposed 

by  Dubos  and  Mlddlebrook  is  more  frequently  employed.  Extracts  of  tu- 

« 

berculosis  Mycobacteria  prepared  by  Dubos  and  Mlddlebrook' s  method  or 
purified  dry  tuberculin  is  used  as  the  antigen  for  sensitization  of 
the  sheep  erythrocytes.  The  serum  of  humans  and  animals  suffering  from 
tuberculosis  reacts  in  an  average  titre  of  1:60-1:150,  while  that  of 
healthy  individuals  or  individuals  suffering  from  other  diseases  reacts 
in  an  average  titre  of  1:5-1:15.  The  serum  of  hyperimmune  animals  re¬ 
acts  in  a  titre  of  1:360  or  more. 

Method.  1.  Blood  is  taken  aseptically  from  a  sheep  and  mixed  with 
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Olsver's  solution  in  a  ratio  of  1:1.2.  When  stored  at  a  temperature  of 
no  more  than  14°  the  mixture  is  usable  for  2  1/2-3  months.  2.  Before 
setting  up  the  reaction  the  erythrocytes  are  washed  3  times  (by  cen¬ 
trifuging)  with  physiological  solution  to  remove  the  preservative.  3) 
The  erythrocyte  residue  is  stored  at  4°  (it  remains  usable  for  3  days). 
4)  The  washed  erythrocytes  are  treated  with  tannin  solution  (1:20,000) 
for  10  min,  centrifuged,  and  washed  with  buffered  physiological  solu¬ 
tion.  5)  The  tanninized  erythrocytes  are  sensitized:  a)  with  an  extract 
of  tuberculosis  Mycobacteria;  10  ml  of  neutral  Isotonic  extract  of  tu¬ 
berculosis  Mycobacteria  is  added  to  0.5  ml  of  the  residue  of  washed 
sheep  erythrocytes  and  the  mixture  is  thoroughly  shaken  and  incubated 
at  37°  for  2  hr.  The  supernatant  is  discarded  and  the  residue  is 
washed  three  times  with  saline  solution.  The  washed,  sensitized  ery¬ 
throcytes  are  suspended  in  100  ml  of  sterile  buffered  saline  solution 
to  produce  a  0.535  suspension  (which  is  usable  for  the  next  3  days);  b) 
with  purified  dry  tuberculin  (containing  polysaccharides)  diluted  to 
1:1000  for  2  hr  at  37°;  the  erythrocytes  are  then  washed  with  buffered 
saline  solution  in  the  manner  described  above  and  a  1$  suspension  is 
made  up.  5)  Preparation  of  serum:  blood  serum  is  mixed  with  sodium 
merthiolate  to  obtain  a  concentration  of  1:10,000  and  held  in  a  water 
bath  at  56°  for  30  min  (it  can  be  inactivated  without  addition  of  mer¬ 
thiolate).  6)  the  heteroagglutinins  are  removed  (adsorbed)  from  the 
sera  to  be  tested.  For  this  purpose  fresh  sheep  erythrocytes  are  sus¬ 
pended  in  each  serum  in  a  ratio  of  1:2  and  the  mixture  is  held  at  room 
temperature  for  20  rain  and  then  centrifuged  (in  practice  a  drop  of 
sheep-erythrocyte  residue  is  added  to  serum  diluted  to  1:2,  which  is 
then  centrifuged  after  30  min).  7)  portions  of  0.4  ml  of  the  serum 
dilutions  (1:2  to  1:320  or  more)  are  poured  into  test-tubes  (10  mm  in 
diameter)  and  0.4  ml  of  a  0.5*  suspension  of  the  sensitized  erythro- 


cytea  la  added  to  each  tube.  Pour  controls  are  set  up:  1)  normal  serum 
and  erythrocytes;  2)  normal  serum  and  antigen-sensitized  erythrocytes: 
3)  buffered  physiological  solution  and  erythrocytes;  4)  buffered  phy¬ 
siological  solution  and  sensitized  erythrocytes. 

The  test-tubes  are  incubated  at  37°  for  2  hr,  shaken,  and  held  at 
room  temperature  until  evening  or  overnight;  the  results  are  evaluated 
from  the  residue  of  agglutinated  erythrocytes  (provided  the  controls 
are  negative).  Positive  result  (++++}:  the  liquid  is  clear  and  a  com¬ 
pact  "dome"  is  formed  on  the  bottom;  large  clumps  of  erythrocytes  are 
produced  when  the  tube  is  gently  shaken.  Positive  result  (+++):  the 
liquid  is  clear  and  the  wdomert  on  the  bottom  is  less  compact;  the 
clumps  of  agglutinated  erythrocytes  are  smaller.  Weakly  positive  result 
(++):  the  "dome"  is  diffuse  and  the  clumps  of  agglutinated  erythrocytes 
are  small.  Doubtful  result  (+):  no  ndomew  is  formed  and  there  are  only 
a  few  clumps  of  erythrocytes  in  the  residue.  Negative  result  (-):  the 
erythrocytes  do  not  precipitate  and  are  not  agglutinated. 

Preservative  for  erythrocytes  (Olsver) : 

Dextrose  or  glucose  —  2.5  g 

Sodium  citrate  —  0.8  g 

Chemically  pure  sodium  chloride  -  0.42  g 

Distilled  water  —  100  ml 

This  mixture  is  sterilized  in  running  steam  for  10  min  on  3  con¬ 
secutive  days  or  made  up  ex  tempore  in  a  flask  and  boiled  for  15-20  min. 

Buffered  NaCl  solution  at  pH  7.2. 

The  following  phosphate  solutions  are  prepared: 

a)  M/15  KHgPOjj  -  9.1  g  in  1000  ml  of  distilled  water; 

b)  M/15  Na^HPO^  —  12  g  in  1000  ml  of  distilled  water.  A  total  of 
700  ml  of  the  first  solution  and  300  ml  of  the  second  are  combined  and 
8.5  g  of  chemically  pure  NaCl  is  added  to  1  liter  of  the  mixture,  which 
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is  sterilized  at  120°  for  20  min. 

The  precipitation  reaction  in  test-tubes,  which  involves  overlay¬ 
ering  of  the  antigen  on  the  serum  (annular  precipitation),  is  carried 
out  with  undiluted  serum  and  Kodam’s  antigen,  which  contains  polysac¬ 
charides  from  tuberculosis  Mycobacteria:  0.5  ml  of  antigen  is  overlay¬ 
ered  on  0.2  ml  of  active  serum  with  a  Pasteur  pipette.  This  reaction  is 
of  limited  diagnostic  value  in  tuberculosis. 

The  precipitation  reaction  in  a  gel  makes  it  possible  to  study  the 
complex  antigenic  relationships  between  normal  tuberculosis  Mycobacter¬ 
ia  and  altered  "atypical"  Mycobacteria,  saprophytes,  etc. There  are  two 
basic  modifications:  a)  Uden's  method  in  an  agar  column;  b)  Ouchter- 
loni's  method  on  a  sheet  of  agar  in  a  Petri  dish  and  on  slides.  The 
latter  modification,  "counter-diffusion  in  a  gel"  (agar),  is  more  con¬ 
venient  and  indicative.  The  serum  (antibody)  and  antigen  are  placed  in 
different  reservoirs  and  diffuse  through  the  gel  (agar)  toward  one  an¬ 
other  at  different  rates.  The  meeting  of  equivalent  quantities  in  a 
certain  area  (the  equivalence  zone)  causes  precipitation,  in  the  form 
of  bands  or  "precipitation  lines."  Each  line  corresponds  to  an  antigen- 
antibody  complex.  The  work  of  Parlett  and  Yumans,  Seibert  and  Piguroa, 
A. I.  Togunova  and  7.M.  Dolzhanskly,  and  others  has  shown  that  antigens 
extracted  from  tuberculosis  Mycobacteria  consist  of  a  whole  series  of 
antigenic  complexes,  which  precipitate  with  the  corresponding  antibod¬ 
ies  of  serum  from  experimental  animals  and  tuberculosis  patients  or 
persons  suffering  from  other  mycobacterial  diseases.  In  practic*,  this 
reaction  permits  differentiation  of  true  tuberculosis  Mycobacteria  from 
altered  Mycobacteria,  many  "atypical"  or  "abnormal"  forms,  and  the 
serologically  isolated  true  acid-fast  saprophytes  by  their  antigenic 
composition. 

Preparation  of  1%  agar.  A  total  of  20  g  of  dry  agar  (Japanese)  is 
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soaked  overnight  in  1  liter  of  distilled  water  In  a  flask.  On  the  fol¬ 
lowing  day  the  agar  Is  melted  In  a  water  bath  and  50  ml  of  10*  CaCl 

2 

Is  added.  The  hot  agar  Is  filtered  through  a  cotton-gauze  filter  and 
poured  Into  Petri  dishes  In  a  thin  layer,  where  It  Is  permitted  to 
solidify.  Small  cubes  are  cut  from  the  agar,  placed  In  a  gauze  sack 
with  a  forceps,  and  washed  In  running  water  for  72  hr.  The  washed  agar 
Is  placed  In  a  flask,  melted  In  a  water  bath,  and  mixed  with  an  equal 
volume  of  1.6*  NaCl  (16.5  g  of  HaCl  In  1  liter  of  distilled  weter).  The 

prepared  IS  agar  is  sterilized  In  an  autoclave  at  110°  for  30  min  and 

merthlolate  Is  added  to  it  to  produce  a  final  concentration  Oi'  1:10,000 
Setting  up  the  diffusion-precipitation  reaction  In  Petri  dlshe3. 

A  small  quantity  of  molten  agar  'containing  merthlolate)  Is  peered  Into 
sterile  Petri  dishes  with  smooth  bottoms  and  spread  in  a  thin  layer 
(approximately  2  mm  thick)  by  tilting  the  dishes.  This  creates  a  so- 
called  "underlayer,"  which  keeps  the  reagents  from  flowing  beneath  the 
gel  layer  in  which  precipitation  takes  place.  After  the  agar  has  solid¬ 
ified  a  stencil  indicating  the  desired  arrangement  of  the  wells  Is 
placed  beneath  the  dish.  Sterile  metal  cylinders  5-8  mm  in  diameter  are 
placed  on  the  "underlayer"  (following  the  stencil)  and  a  new  layer  of 
agar  approximately  3  nun  thick  is  poured  into  the  dish.  After  the  agar 
has  solidified  a  forceps  is  used  to  remove  the  cylinders,  grasping  them 
by  their  upper  ends;  thi.  leaves  wells  with  smooth  edges  and  a  thin  un¬ 
derlayer  at  the  bottom.  The  distance  between  the  wells  (which  will  con¬ 
tain  different  reagents)  is  usually  15  mm.  If  different  sera  are  to  be 
tested  with  the  same  antigen  the  latter  is  poured  into  a  central  well 
and  the  sera  are  contained  in  peripheral  wells;  if  a  serum  is  to  be 
tested  it  is  placed  in  the  central  well  and  different  antigens  are 
poured  into  the  peripheral  wells.  Other  well  arrangements  are  also  pos¬ 
sible.  The  ingredients  are  dropped  into  the  wells  with  Pasteur  pipettes. 
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Active  sera  (from  hyperimmune  rabbits)  and  good  antigens  form  distinct 
precipitation  lines  within  1-2  days.  The  dishes  are  placed  in  a  desic¬ 
cator  and  incubated  In  \  at  31® i  the  reaction  proceeds  somewhat 

Mi' Hu  at  37®.  Reagents  are  added  to  the  wells  as  they  dry  out, 
uflHAlly  at  intervals  of  24-48  hr  (a  total  of  5  times)  and  the  observa¬ 
tion  period  lasts  8-10  days,  noting  the  precipitation  lines  as  they  ap¬ 
pear  (1-3-5  or  more  bands).  The  dishes  containing  the  agar  for  precipi¬ 
tation  are  best  prepared  3-4  days  before  the  reaction  is  carried  out. 

Preparation  of  antigens.  The  antigens  are  prepared  from  tubercu¬ 
losis  Mycobacteria  by  the  following  method  (A. I.  Togunova  and  V.M.  Dol- 
zhanskiy):  a  weighed  portio-i  of  a  compressed  culture  (20  days  for  tu- 

i  l 

berculosis  Mycobacteria  and  16  days  for  BTsZh)  is  transferred  to  a 
sterile  250  ml  Jar  containing  stainless-steel  balls  (150  g).  The  cul¬ 
ture  is  shaken  (ground)  for  30  min  with  circular  motions,  0.5  ml  of 
distilled  water  is  added,  and  shaking  is  continued.  Depending  on  the 
moistness  and  total  quantity  of  the  culture,  2-4  ml  of  distilled  water 
is  added  over  the  2-hr  shaking  period.  The  culture  is  then  diluted 
with  sterile  physiological  solution  to  a  content  of  20  mg/ml  of  liquid 
(using  the  initial  weight  as  a  basis).  The  completeness  with  which  the 
antigen  decomposes  acid-fast  Mycobacteria  is  checked  by  microscopic  ex¬ 
amination  of  smears  stained  by  Ziehl-Neelsen' s  method:  the  smaller  the 
number  of  undecomposed  rods,  the  more  active  the  antigen.  The  suspen¬ 
sion  Is  left  to  stand  in  test-tubes  under  refrigeration  for  several 
days,  the  tubes  are  then  placed  in  a  heater  at  37°  for  1  hr,  and  the 
liquid  La  poured  off  from  the  residue  or  the  suspension  is  prelimin¬ 
arily  centrifuged.  The  opalescent  liquid,  which  contains  polysacchar¬ 
ides,  is  the  antigen. TThis  procedure  (an  accelerated  method)  can  be 
used  to  prepare  antigen  from  the  culture  under  investigation. 

Antigens  from  ultrasound-treated  Mycobacteria:  a  weighed  portion 
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of  the  culture  (approximately  1  g)  Is  vigorously  homogenized  In  a  jar 
containing  beads  for  15  min.  The  suspension  (20  mg/ml  of  distilled  wa¬ 
ter)  is  transferred  with  a  sterile  pipette  to  an  alcohol-disinfected 
cell  for  Irradiation,  which  is  carried  out  in  a  UL-1  apparatus  at  1200 
kc/sec  for  2  hr.  The  entire  suspension,  including  any  undestroyed  Myco¬ 
bacteria,  is  utilized. 

"Moist  extracts”  of  Mycobacteria  (A. I.  Togunova  and  V.M.  Dolzhan- 
skly) .  In  order  to  prepare  these  antigens  a  film  culture  is  raised  on 
a  synthetic  medium  (VKL)  or  on  a  semisynthetic  medium  based  on  fungal 
casein  hydrolyzate  (15-25  days).  The  bacterial  mass  is  filtered  asep- 
tlcally  through  a  Buchner  funnel  under  a  vacuum,  washed  from  the  med¬ 
ium  with  sterile  distilled  water,  and  vacuum-dried  on  the  funnel.  A 
weighed  portion  of  5-10  g  of  fresh  bacteria  is  transferred  to  a  ster¬ 
ile  3-liter  bottle  containing  2-3  kg  of  stainless  steel  balls,  main¬ 
taining  aseptic  conditions;  the  bottle  is  stoppered  and  placed  on  a 
rotating  device  to  create  a  ball  mill  (60  rpm),  thoroughly  grinding 
the  mass  for  18  hr  (in  a  refrigerator  at  5-8°).  Portions  of  10-15  ml  of 
sterile  physiological  solution  are  added  to  the  bottle  and  it  is  shaken 
manually;  the  total  quantity  of  physiological  solution  should  yield  an 
antigen  concentration  of  100  mg/ml  (based  on  the  initial  weight  of  the 
culture).  The  liquid  is  permitted  to  stand  or  centrifuged  (maintaining 
asepsis),  poured  off  from  the  sediment,  and  preserved  with  merthiolate. 
For  the  reaction  the  antigen  is  diluted  to  a  concentration  of  20  mg/ml 
(based  on  the  initial  weight).  The  "moist  extracts"  are  opalescent  and 
contain  up  to  M0$  polysaccharides.  They  are  most  active  in  precipi¬ 
tation  reactions  with  specific  sera  (yielding  up  to  10-12  precipitation 
bands).  The  antigens  are  prepared  from  live  cultures  of  nonpathogenic 
Mycobacteria.  Cultures  of  true  virulent  tuberculosis  Mycobacteria  are 
preliminarily  killed  by  autoclaving  or  by  adding  3%  phenol  (on  3  suc- 
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ces3lve  days,  to  cultures  on  liquid  media).  All  the  antigens  are  pre¬ 
served  by  adding  merthiolate  (to  a  concentration  of  1:10,000). 

Piltrates  of  the  culture  fluid  concentrated  to  1/10  do  not  differ¬ 
entiate  the  antigenic  complexes  as  well. 

The  precipitative  sera  are  prepared  by  immunizing  rabbits  with 
live  (nonpathogenic  Mycobacteria,  BTsZh)  or  killed  (virulent  tubercu¬ 
losis  Mycobacteria)  cultures.  A  2  mg/ml  suspension  of  the  culture  in 
physiological  solution,  obtained  by  shaking  in  a  jar  containing  beads 
(for  15-20  min),  is  administered  intravenously  to  a  rabbit  in  a  dose 
of  2  ml;  on  4  occasions  thereafter,  at  6-day  intervals,  1  ml  of  the 
suspension  is  injected  subcutaneously  and  1  ml  is  injected  intraven¬ 
ously  an  hour  later.  The  blood  used  to  produce  the  serum  la  taken  14- 
16  days  after  the  last  injection.  The  serum  is  tested  with  the  antigens 
in  dishes  or  on  slides  (microreaction). 

Detection  of  tuberculosis  Mycobacteria  by  biological  testing 

Although  culturing  is  now  Justifiably  the  most  rational  diagnostic 
procedure,  simultaneous  administration  of  the  initial  material  to  gui¬ 
nea  pigs  is  a  reliable  and  relatively  rapid  method  in  a  number  of  es¬ 
pecially  important  cases.  Material  not  contaminated  with  extraneous 
microorganisms  can  be  injected  subcutaneously  or  directly  into  the  ab- 
cominal  cavity.  Material  containing  extraneous  bacteria  should  first  be 
processed  in  the  manner  described  above  (treatment  with  sterile  3-5-9 % 
sulfuric  acid  and  examination  for  bacterial  contamination).  After  the 
acid  has  been  washed  off  with  physiological  solution  during  centrifu¬ 
gation  the  resultant  suspension  (in  a  dose  of  2-3  ml)  is  administered 
subcutaneously  in  the  inguinal  region  to  2  guinea  pigs  weighing  250- 
30C  g.  When  the  material  contains  virulent  tuberculosis  Mycobacteria 
a  consolidation  usually  forms  beneath  the  skin  at  the  injection  site 
after  10-12  days,  subsequently  becoming  a  chronic  ulceration.  The  re- 
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gional  lymph  nodes  become  thickened  and  then  enlarged,  collecting  in  a 
clump.  The  animals  die  of  generalized  tuberculosis  after  2-4  months.  In 
order  to  accelerate  the  diagnosis  a  guinea  pig  can  be  killed  after  2-4 
weeks  and  the  extent  of  the  regional  lymphadenitis  determined;  an  intre- 
cutaneous  tuberculin  test  must  also  be  carried  out  on  the  opposite  paw 
(using  0.1  ml  of  1:10  tuberculin).  The  process  Is  generalized  more  rap¬ 
idly  when  the  material  is  administered  intraperitoneally,  the  primary 
process  being  observed  in  the  omentum  and  adjacent  lymph  nodes  and  or¬ 
gans.  The  pathological  process  develops  slowly  If  the  diagnostic  mater¬ 
ial  contains  few  tuberculosis  Mycobacteria  or  Mycobacteria  of  reduced 
virulence.  In  such  cases  one  of  the  experimental  guinea  pigs  is  killed 
(after  3-4  weeks),  the  enlarged  regional  lymph  nodes  are  removed  under 
aseptic  conditions  and  ground  in  a  sterile  porcelain  mortar,  u  small 
quantity  of  physiological  solutions  Is  added  to  the  resultant  paste, 
and  the  suspension  Is  filtered  through  a  double  layer  of  sterile  gauze 
(on  a  funnel)  and  injected  subcutaneously  into  the  inguinal  region  in 
one  or  two  fresh  guinea  pigs  (concentration  method).  Some  of  the  past 
is  cultured  on  an  egg-milk  medium  after  treatment  with  dilute  sul¬ 
furic  acid.  A  more  pronounced  tubercular  process  should  develop  in  the 
animals  given  the  concentrated  material.  Only  a  rather  atypical  re¬ 
gressive  regional  process  involving  local  abscesses  and  infiltrations 
may  develop  when  the  material  contains  altered  or  atypical  Mycobacteria 
(e.g.,  phthvicide-fast  bacteria).  A  through  study  of  the  culture  is 
then  necessary  to  obtain  a  complete  characterization. 

Accelerated  biological  test  with  a  regional  lymph  node.  An  inguin¬ 
al  or  cervical  lymph  node  of  a  young  guinea  pig  (150-200  g  is  palpated 
through  the  skin  and  gently  kneaded  between. the  fingers;  several  drops 
of  the  material  under  investigation  are  then  injected  into  it  with  a 
syringe.  After  8  10  days  the  Infected  lymph  node  is  easily  felt  and 
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must  be  excised  and  prints  examined  bacterioscopically  fcr  tuberculo¬ 
sis  Mycobacteria. 

As  was  noted  above,  intravenous  administration  of  1  ug  of  mater¬ 
ial  to  white  mice  is  a  sensitive  test  for  detection  of  virulence  in 
altered  tuberculosis  Mycobacteria. 

Allergic  reactions 

Tuberculin.  The  tuberculin  preparation  devised  at  the  end  of  nine¬ 
teenth  century  by  Koch  is  widely  ujed  for  diagnostic  purposes.  It  is 
referred  tc  as  "old  Koch  tuberculin"  or  ATK  (Alt  tuberculin  Koch) 
and  consists  of  a  filtrate  prepared  nutritive  medium  from  beneath  2- 
2  1/2-month  film  cultures  of  tuberculosis  Mycobacteria  and  condensed 
to  1/10  of  its  initial  volume. 

The  following  preparations  are  also  used:  a)  purified  dry  tuber¬ 
culin  (M.A.  Linnikov,  USSR);  b)  a  purified  protein  derivative  of  tu¬ 
berculin  (the  PPD  of  foreign  authors).  Purified  dry  tuberculin  contains 
principally  specific  proteins  (tuberculoprotelrt*)  And  a  few  polysac¬ 
charides  (approximately  30*),  will  I*  V'A  contains  exvr**eous  additives 
and  glycerine  (from  the  medium).  According  to  Br»-  >y»  1  ml  of  liquid 
ATK  contains  100,000  tuberculin  units,  while  the  internal l *r*i  ppd  un¬ 
it  equals  0.00002  mg. 

Specific  local  (allergic)  reactions  develop  when  tuberculin  is 
administered  cutaneously  or  intracut aneously  to  humans  and  animals  in¬ 
fected  with  tuberculosis.  When  1  ml  of  tuberculin  is  administered  sub¬ 
cutaneously  or  intraperitoneally  to  guinea  pigs  a  shock  reaction  de¬ 
velops,  terminating  in  death  toward  the  end  of  the  first  day. 

Prlquefs  dermal  reaction  is  carried  out  principally  in  children 
and  involves  application  of  a  tuberculin  solution  to  scarified  skin  on 
the  forearm;  the  tuberculin  dilutions  (50,  25,  and  101)  are  made  up  in 
sterile  carbollzed  (0.25*)  physiological  solution.  The  specific  tuber- 


culln  reaction,  which  takes  the  form  of  hyperemia,  swelling,  edema,  and 
central  ischemia,  develops  within  12-24  hr;  an  evaluation  is  made  after 
48  hr.  The  test  is  regarded  as  positive  if  the  dermal  reaction  appears 
over  an  area  with  a  diameter  of  no  less  than  5  mm. 

Mantoux's  intracutaneous  reaction  is  generally  carried  out  when 
the  skin  test  is  negative  (at  dilutions  IV  and  II);  0.1  ml  of  the  cor¬ 
responding  tuberculin  dilutions  are  injected  intracutaneously.  When  the 
result  is  positive  hyperemia,  swelling,  and  a  blister  are  observed 
within  8-12  hr;  an  evaluation  is  made  after  48-72  hr. 

Plaster  test:  a  tuberculin  plaster  is  applied  to  the  skin;  speci¬ 
fic  papules  (which  are  quite  transient)  appearing  on  the  skin  within 
24  hr  indicate  a  positive  result. 

All  tuberculin  diagnoses  should  be  made  by  qualified  personnel, 
following  special  instructions  and  observing  the  strictest  asepsis. 

The  intracutaneous  tuberculin  test  (Roemer's  reaction)  is  em¬ 
ployed  in  experimental  work.  A  total  of  0.1  ml  of  a  10-fold  dilution 
’f  a  given  tuberculin  preparation  is  injected  into  the  skin  of  a  guinea 
pig's  hind  paw  (shaved  on  the  night  before  the  test);  a  graduated  test 
(using  solutions  of  different  concentrations)  is  set  up  in  the  skin  of 
the  side  in  guinea  pigs.  The  ophthalmic  reaction  is  employed  in  rab¬ 
bits  (applying  0.1  ml  of  tuberculin  to  the  conjunctiva).  Hyperemia  and 
swelling  of  the  conjunctiva,  sometimes  accompanied  by  a  serous  or  even 
suppurative  discharge,  is  noted  after  12-24  hr.  The  ophthalmic  reac¬ 
tion  and  an  intracutaneous  reaction  in  the  scapular  region  are  employed 
In  monkeys.  Dry  purified  tuberculin  should  be  diluted  in  accordance 
with  the  Instructions  packed  with  the  preparation. 

Nutritive  Media 

A.D.  Pavlovskiy's  medium.  A  white  potato  is  carefully  washed  with 
a  brush  and  soap  and  wiped  dry.  It  is  then  peeled  and  cut  in  half  with 

-  678  - 


a  flamed  knife.  Cylindrical  pieces  equal  in  width  to  the  diameter  of 
the  test-tubes  to  be  used  and  5-6  cm  long  are  cut  from  the  potato  with 
a  special  sterile  punch  or  a  knife.  The  cylinders  are  then  cut  diagon¬ 
ally  Into  2  wedges,  which  are  Immediately  Immersed  In  sterile  5 %  gly¬ 
cerine  water  for  1-2  hr  (If  the  potato  Is  young  It  must  first  be 
soaked  for  1  hr  In  sterile  2%  sodium  bicarbonate).  The  wedges  are  dried 
between  sheets  of  filter  paper  and  a  forceps  is  used  to  insert  them  In¬ 
to  sterile  Roux  test-tubes  (which  have  a  constriction)  half-filled  with 
sterile  5*  glycerine  water  (at  pH  7. 0-7. 2)  in  such  fashion  that  the 
lower  portion  of  the  wedges  Is  In  contact  with  the  liquid.  The  tubeB 
are  sterilized  in  an  autoclave  at  110°  for  10  min.  After  sterilization 
the  hot  tubes  are  placed  In  an  Inclined  position,  with  the  surface  of 
the  wedges  down,  so  that  they  remain  moist.  In  order  to  check  its 
sterility  the  medium  is  placed  in  a  heater  (in  a  vertical  position)  for 
2  days;  It  is  stored  under  refrigeration  (4-6°). 

Petragnanl ' s  medium.  A  total  of  0.25  liter  of  fresh  whole  milk  (at 
the  neutrality  point)  is  poured  into  a  sterile  1-liter  flask  contain¬ 
ing  glass  beads  and  6  g  of  potato  flour,  1  g  of  peptone,  and  one  fine¬ 
ly  cut  potato  the  size  of  a  hen's  egg  are  added,  constantly  stirring 
the  mixture.  The  flask  Is  immersed  In  a  boiling-water  bath  and  heated 
for  approximately  10  min,  until  Its  contents  have  uniformly  thickened, 
agitating  It  with  circular  motions  all  the  while.  After  the  temperature 
of  the  mixture  has  dropped  to  60°  4  fresh  hen's  eggs  and  1  yolk  tre 
stirred  Into  It.  A  total  of  12  ml  of  sterile  glycerine  and  6  ml  of  2t 
malachite  green  (In  distilled  water)  are  then  added  and  the  mixture 
is  thoroughly  ftirred,  filtered  through  a  double  layer  of  sterile 
gauze  (in  a  funnel)  and  poured  into  sterile  test-tubes  in  uniform  por¬ 
tions;  it  is  permitted  to  coagulate  for  30  min  in  an  inclined  position 
at  85°  in  a  Koch  apparatus.  The  tubes  are  heated  at  75°  for  15  min  on 
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each  of  the  next  2  days.  The  final  medium  Is  light  green  In  color; ;lts 

♦ 

surface  is  smooth  and  has  sufficient  condensation  water.  It  Is  stored  * 
under  refrigeration  and  Is  used  as  fresh  as  possible. 

Hon* a  egg  medium.  Fresh  hens  eggs  are  carefully  washed  with  alco¬ 
hol,  dried,  and  broken  under  aseptic  conditions  Into  a  sterile  flask 
containing  glass  beads.  3  parts  of  egg  are  mixed  with  1  part  of  102  nu¬ 
tritive  glycerine  broth.  The  mixture  is  thoroughly  stirred,  filtered 

through  sterile  gauze,  poured  Into  sterile  test-tubes  in  uniform  por- 

„  %  ■ 

tlons,  and  heated  in  a  Koch  coagulation  apparatus  at  75°  for  30  min  on 
3  successive  days.  After  coagulation  0.5  ml  of  broth  without  glycerine 
Is  added  to  each  tube  (under  aseptic  conditions). 

Heiberg's  egg  medium.  The  constituents  of  the  medium  are  prepared 
as  follows:  1)  salt  solution:  dibasic  potassium  phosphate  -  1  g,  potas¬ 
sium  citrate  -  1  g,  magnesium  sulfate  -  1  g,  peptone  -  5  g,  chemically 
pure  glycerine  —  30  ml,  and  sufficient  distilled  water  to  make  1000  ml. 

The  salts  are  dissolved  in  a  small  quantity  of  water  and  the  glycerine 
tnd  remaining  water  (to  make  1000  ml)  are  then  added.  The  mixture  is 
slightly  heated,  filtered  through  a  folded  paper  filter,  and  poured  in¬ 
to  flasks.  It  is  then  sterilized  in  an  autoclave  at  ?  pressure  of  1  atm 
for  20  min. 

2.  Cow's  milk  is  poured  into  flasks  (in  portions  of  110  ml)  and 
sterilized  fractionally  over  2  days,  for  10  min  at  105°  (1  atm)  on  the 
first  day  and  for  15  min  in  running  steam  on  the  second  day. 

3.  Potato  extract:  a  potato  is  peeled,  cut  into  slices,  flooded 
with  a  quantity  of  tap  water  equal  to  twice  its  own  weight,  brought  to 
the  boiling  point,  and  boiled  for  15  min.  After  settling  the  extract 
is  filtered  through  a  cotton-gauze  filter,  poured  into  flusks  (in  110 
ml  portions),  and  sterilized  at  120°  for  20  min. 

4.  A  22  aqueous  solution  of  malachite  green  is  sterilized  at  120® 
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for  20  min. 


Method  of  preparing  Heiberg fs  medium:  5  fresh  eggs  are  carefully 
washed  with  warm  water,  soap,  and  a  brush,  wetted  with  alcohol,  and 
quickly *TlAned .  The  yolks  of  two  eggs  are  separated  under  aseptic  con¬ 
ditions,  dropped  Into  a  sterile  jar  containing  beads,  and  broken  by 
shaking.  The  contents  of  the  remaining  3  eggs  (whites  and  yolks)  are 
then  added  and  the  entire  mixture  Is  thoroughly  shaken  with  the  beads. 
To  the  resultant  egg  mixture  are  added  50  ml  of  the  salt  solution,  50 
ml  of  the  milk,  50  ml  of  the  potato  extract,  and  2.5  ml  of  sterile  102 
citric  acid.  These  Ingredients  are  stirred,  3*5  ml  of  the  2t  malachite 
green  Is  added,  and  the  suspension  Is  again  thoroughly  mixed.  The  mix¬ 
ture  Is  filtered  through  a  sterile  gauze  filter  on  a  funnel,  poured 
Into  test-tubes  In  3-6  ml  portions  (depending  on  the  tube  diameter), 
and  sterilized  once  for  1  hr  at  85°  In  a  Koch  coagulation  apparatus 
(the  sterilization  time  should  be  prolonged  to  1  hr  15  min  when  broad 
test-tubes  are  used).  The  final  medium  Is  kept  In  a  heater  for  2  days 
to  check  Its  sterility.  It  Is  stored  under  refrigeration  and  can  be 
used  for  1  week  after  preparation. 

Nutritive  medium  devised  by  the  International  League  for  the  Pre¬ 
vention  of  Tuberculosis  (Milieu  Union  International  Tuberculeau  — 
N-U.I.T.).  Salt  solution: 

Monobasic  potassium  phosphate  -  2.4  g 
Magnesium  sulfate  —  0.24  g 
Magnesium  citrate  -  0.6  g 
Asparagine  —  3.6  g 
Redistilled  glycerine  -  12  g 

Distilled  water  -  600  ml  *  . 

This  mixture  Is- sterilized  for  2  hr  In  running  steam  at  100°.  A 
total  of  20-22  fresh  egc»  are  carefully  washed,  soaked  for  half  an 
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hour  in  5$  soda  (Na^CO^)  containing  soapf  and  again  washed  in  tap  wa¬ 
ter  until  the  latter  becomes  clear.  The  contents  of  the  eggs  are 
dropped  into  a  large  vessel,  shaken  vigorously,  and  filtered  through 
gauze.  Then  1  liter  of  the  eggs  and  600  ml  of  the  salt  solution  are 
mixed  and  20  ml  of  the  malachite  green  is  added.  The  mixture  is  left 
to  stand  for  1  hr,  until  the  bubbles  disappear.  Portions  of  7  ml  are 
poured  into  sterile  test-tubes  (160  x  16  mm).  The  medium  is  coagulated 
in  an  inclined  position  at  85°  for  40  min.  The  cotton  stoppers  are 
then  hermetically  sealed  with  paraffin,  to  which  0.1$  sorbic  acid  is 
added  to  prevent  mold.  The  medium  is  stored  in  a  refrigerator  at  4° 
and  is  usable  for  6  months. 

Levensteln-Jensen's  medium: 

1)  salt  solution: 

monobasic  potassium  phosphate  —  0.4  g 
magnesium  sulfate  -  0.04  g 
magnesium  citrate  -  0.1  g 
asparagine  —  0.6  g 
chemically  pure  glycerine  —  2  g 
distilled  water  —  100  ml 

This  mixture  is  sterilized  in  running  steam  for  2  hr. 

2)  The  contents  of  22  fresh  hen's  eggs  (carefully  prepared  by  the 
method  described  above)  are  dropped  into  a  sterile  1-liter  flask  con¬ 
taining  beads,  mixed,  and  filtered  through  sterile  gauze.  At  this 
point  600  ml  of  solution  No.  1  and  1  liter  of  mixture  No.  2  are  com¬ 
bined,  20  ml  of  sterile  2 %  malachite  green  is  added,  and  the  mixture 
is  thoroughly  stirred  and  poured  into  test-tubes  under  aseptic  condi¬ 
tions;  the  tubes  are  placed  in  a  Koch  apparatus  in  a  semihorizontal 
position  and  coagulated  at  85°  for  40  min.  The  medium  is  then  placed 
in  a  heater  to  check  its  sterility. 
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Finlay son* s  medium.  The  white  and  yolk  of  an  egg  are  separated 
under  aseptic  conditions  and  poured  Into  Individual  sterile  flasks. 

A  sterile  graduate  Is  used  to  combine  60  ml  of  yolk,  15  ml  of  white, 

2  ml  of  sterile  physiological  solution,  1  ml  of  glycerine,  1  ml  of  Con¬ 
go  red,  and  1  ml  of  1%  malachite  green,  which  are  thoroughly  mixed.  The 
medium  Is  poured  into  test-tubes  and  coagulated  In  the  manner  described 
above . 

Glycerine  meat-lnfuslon  broth.  A  total  of  5-101  of  chemically  pure 
glycerine  Is  added  to  ordinary  meat-lnfuslon  broth  (If  peptone,  0.5% 
chemically  pure  sodium  chloride);  the  medium  should  have  a  pH  of  7.2. 
Soton’s  synthetic  medium; 

Disubstituted  potassium  phosphate  (K^HPO^)  —  0.5  g 
Magnesium  sulfate  (MgSO^^HjO)  -  0.5  g 
Ferric  ammonium  citrate  (FeNHjjCgH^O^)  —  0.05  g 
Citric  acid  -  2  g 
Asparagine  -  4  g 

Chemically  pure  glycerine  —  60  ml 
Distilled  water  -  940  ml 

The  mixture  Is  heated  In  a  water  bath  at  100°  until  the  salts 
have  completely  dissolved;  when  It  has  cooled  pure  ammonia  Is  used  to 
adjust  the  pH  to  7.2-7. 3  and  the  medium  Is  filtered  through  cotton, 
poured  into  flaks  or  test-tubes,  and  sterilized  at  120°  for  30  min. 

Its  sterility  Is  checked  In  an  Incubator. 

VKL  glycol  medium  containing  zinc: 

Citric  acid  -  0.65g 
Glycol-  5  g. 

Disubstituted  potassium  phosphate  ~  5  g 
ohealcally  pure  sodium  chloride  -  5  g 
Sodium  citrate  -  2  g 


Glucose  -2.8 

Magnesium  3ulfate  -  1  g 

Ferrie  sulfate  and  ferric  oxide  -  0.05  g 

Chemically  pure  glycerine  “  40  g 

0.1*  zinc  sulfate  —  1  ml 

distilled  water  —  sufficient  to  make  1000  ml 

The  pH  is  adjusted  to  7*0-6. 8  with  5%  citric  acid  and  the  medium 
is  sterilized  at  110°  for  10  min.  It  should  be  light  yellow  in  color 
after  sterilization.  Darkening  of  the  medium  indicates  caramelization 
of  the  jglucose  as  a  result  of  overheating. 

L.M.  Model's  medium: 

Dibasic  potassium  phosphate  -  5  g 
Ammonium  oxalate  —  5  g 
Magnesium  sulfate  -  0.5  g 
Ferric  sulfate  -  0.05  g 
Glycerine  —  50  ml 
Distilled  water  -  950  ml 

The  medium  Is  alkalized  to  pH  7.2  with  ammonia  and  sterilized  at 
120°  for  30  min. 

Semlaynthetlc  medium  based  on  fungal  casein  hydrolyzate  (A. I. 
Togunova  and  M.I.  Loginova) : 

Liquid  casein  hydrolyzate  -  90-100  ml  (amine  nitrogen  content  - 
75-80  mg-*) 

Ferric  ammonium  citrate  (or  ferric  sulfate)  -  0.05  g 
Magnesium  sulfate  -  0.05  g 

Sodium  citrate  -  0.15  g  v 

Chemically  pure  sodium  chloride  -  0.25  g 
Chemically  pure  glycerine  -  50  ml 
Distilled  water  -  sufficient  to  make  1  liter 
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The  pH  Is  adjusted  to  7 . 0-7. 2  with  10$  citric  acid  and  the  follow¬ 
ing  phosphates  are  added: 

Ma  HP04“  5  g;  K^PO^  “  1-0-1.25  g  (both  first  dissolved  in  small 
quantities  of  water). 

The  medium  should  have  a  final  pH  of  7 .0-7-1. 

The  mixture  is  sterilized  at  120°  for  20  min.  It  is  straw  yellow 
in  color  and  absolutely  clear. 

The  basic  hydrolyzate  is  obtained  by  digesting  casein  with  the 
proteases  of  the  fungus  Aspergillus  terrlcola  (I.N.  Vinogradov;  see 
page  961). 

Semisynthetic  casein  medium  containing  plasma  and  glycerine  (R. 

A.  Shkolnikova): 

Monobasic  potassium  phosphate  (KH^O^)  —  1.5  g 

Dibasic  sodium  phosphate  (Na^HPO^)  ”  2.5  g 

Magnesium  sulfate  -  0.5  g 

Sodium  citrate  -  1.5  g 

Perric  ammonium  citrate  —  0.05  g 

Enzymatic  casein  hydrolyzate  —  80  ml 

Glycerine  —  30  ml 

Distilled  water  —  890  ml 

The  salts  are  dissolved  in  distilled  water  in  the  indicated  order, 
gently  heating  the  solution  in  a  water  bath.  The  medium  is  filtered 
through  filter  paper,  its  pH  is  adjusted  to  7- 0-7- 2,  and  it  is  poured 
into  flasks  or  test-tubes  in  2  ml  portions  and  sterilized  at  120°  for 
30  min.  Before  inoculation  0.2  ml  of  plasma  (taken  from  cltrated  human 
blood)  and  0.3  ml  of  penicillin  solution  (10-20  units  per  ml)  are  added 
to  each  tube.  Preparation  of  the  hydrolyzate  is  described  on  page  96o. 

Blood  medium:  Cltrated  donor  blood  (without  antiseptics)  can  be 
used.  Immediately  before  inoculation  the  sterile  cltrated  blood  is  di- 
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luted  to  1:2  or  1:3  with  distilled  water  and  3  ml  portions  are  poured 
into  short  sterile  test-tubes;  penicillin  solution  is  added  in  a  con¬ 
centration  of  20  units  per  ml  of  medium  (dissolving  200*000  units  of 
penicillin  in  10  ml  of  sterile  distilled  water  and,  before  inoculation, 
further  diluting  it  by  adding  0.1  ml  of  the  initial  solution  to  9*9  ml 
of  distilled  water;  0.3  ml  of  this  dilution  is  added  to  the  3  ml  of 
blood  medium  in  each  tube). 

Jerrold’a  egg-agar  medium.  A  total  of  3%  of  agar  is  added  to  gly¬ 
cerine  meat-infusion  broth  and  135  ml  portions  of  the  mixture  are 
poured  into  flasks  and  sterilized  in  an  autoclave  for  20  min  at  a 

pressure  of  1.5  atm.  The  yolk  of  one  egg  and  2  ml  of  sterile  2%  mala¬ 
chite  green  are  added  under  aseptic  conditions  to  each  flask  of  agar, 

which  is  melted  and  cooled  to  48-52° .  In  order  to  test  the  drug  resis¬ 

tance  of  Mycobacteria  an  antibacterial  preparation  is  added  to  all  but 
one  of  the  flasks  in  the  dose  indicated  above  (see  the  section  on  de¬ 
termination  of  drug  resistance);  the  contents  of  the  flasks  are  tho- 
*. oughly  stirred  and  poured  into  test-tubes,  in  which  the  medium  is 
slanted  and  cooled. 

The  last  4  media  are  used  primarily  for  determining  drug  resis¬ 
tance. 

Preparation  of  Javel  water:  25  g  of  calcium  hypochlorite  (approx¬ 
imately  25 %  active  chlorine)  is  flooded  with  150  ml  of  distilled  water 
and  thoroughly  shaken;  14  g  of  potassium  carbonate  (potash)  is  flooded 
with  300  ml  of  distilled  water  and  thoroughly  shaken;  after  6-8  hr  the 
two  solutions  are  filtered  separately  through  cotton  or  gauze  and  the 
resultant  filtrates  are  combined. 

The  interaction  of  the  calcium  hypochlorite  and  the  potassium 
carbonate  produces  potassium  hypochlorite  in  a  IS  solution.  A  0.01S 
solution  is  used  for  decolorization. 
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DIPHTHERIA 

N. I.  Apanashchenko,  Candidate  of  Medical  Sciences 

The  causative  agent  of  diphtheria,  Corinebacterlum  dlphtherlae, 
was  discovered  by  Klebs  In  1883  and  a  pure  culture  was  Isolated  by 
Loeffler  In  1884. 

Morphology  of  C.  dlphtherlae 

Those  bacteria  vary  In  size,  from  1  to  6  microns  in  length  and 

O. 3  to  0.8  microns  In  diameter. 

A  distinctive  characteristic  of  C.  dlphtherlae  Is  the  diversity 
of  Individual  forms  within  the  same  strain:  in  addition  to  long,  curved, 
delicate  "typical"  rods,  cultures  may  contain  short,  thick  rods  with 
knobby  protuberances  at  the  ends  and,  occasionally,  coccal  cells  (Pig. 


Pig.  69 .  Corinebacterlum  dlph¬ 
therlae.  Volutin  granules  are 
visible  at  the  poles.  Stained 
with  crystal  violet. 

69).  Nonuniform  staining  of  each  rod  Is  characteristic,  occasionally 
giving  the  cells  a  ohaln-llke  or  zebra-striped  appearance.  C.  dlphther¬ 
lae  may  produce  long-lived  L-forms,  which  sometimes  revert  to  the  bac¬ 
terial  form  (Pig.  70). 

The  ends  of  the  rods,  which  often  bear  knob-llke  protuberances, 
give  them  a  resemblance  to  clubs  (the  Creek  coryne  means  club).  The 
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protuberances  often  contain  volutin  granules  (Babes-Ernst  bodies). 
Chemically,  volutin  is  a  nucleic-acid  derivative.  The  volutin  granules 
are  quite  distinct  in  young  cultures  raised  on  coagulated  serum  or 
Klauberg  II  medium.  They  cannot  always  be  detected  in  broth  cultures. 

The  appearance  of  preparations  is  characteristic,  especially  if 
the  smears  contain  many  bacteria.  The  microbes  occur  in  large  groups, 
the  entire  field  occasionally  appearing  as  a  mass  of  tangled  rods  and 
resembling  a  matted  coat  of  hair.  The  general  arrangement  of  the  bac¬ 
teria  in  the  field  is  also  reminiscent  of  a  bundle  of  clubs.  The  ar¬ 
rangement  of  the  bacteria  in  stained  smears  is  very  characteristic: 
they  may  occur  in  pairs,  at  an  acute  or  right  angle  to  one  another  (Pig. 
71).  C.  diphtheriae  are  immobile,  do  not  form  spores,  have  no  flagella, 
and  are  gram-positive,  although  they  are  more  easily  decolorized  than 
many  other  gram-positive  microorganisms. 

Staining.  C.  diphtheriae  stains  well  with  basic  analine  dyes,  the 
volutin  granules  staining  especially  intensely.  Loeffler's  alkaline 
methylene  blue,  acetic  toluidine  blue,  crystal  violet,  and  Neisser's 
method  (see  page  4l)  are  usually  employed  for  staining  smears  of  diph¬ 
theria  cultures.  Nonuniform  staining  of  the  bacteria,  which  have  a 
striated  appearance,  is  evident  when  alkaline  methylene  blue  or  es¬ 
pecially  toluidine  blue  is  used;  the  volutin  granules  take  on  a  more 
intense  blue  color.  A  characteristic  feature  of  staining  by  Neisser's 
method  is  the  fact  that  the  volutin  granules  are  stained  blue-black, 
contrasting  with  the  light  brown  color  of  the  rest  of  the  cell.  Gran¬ 
ules  which  stain  by  Neisser's  method  are  sometimes  indetectable  in 
preparations  stained  with  methylene  blue.  Intensely  staining  granules 
are  not  characteristic  only  of  C.  diphtheriae.  Thus,  certain  cocci, 
which  often  give  a  metachromatic  reaction  with  methylene  blue,  some¬ 
times  stain  equally  intensely;  other  bacilli  may  exhibit  a  similar 
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granularity.  Moreover,  cultures  of  C.  pseudodiphthericum  yield  a  nega¬ 
tive  result  when  stained  by  Nelsser's  method:  Isolated  granules  are 
visible  in  the  preparation,  but  the  rods  do  not  have  the  characteris¬ 
tic  beaded  appearance.  It  is  best  to  employ  methylene  or  toluldlne 
blue  and  Nelsser's  method  in  parallel.  This  technique  la  particularly 
valuable  when  dealing  with  small  forms  of  diphtheria  bacilli,  whose 
structural  details  are  not  shown  by  methylene  blue.  Vhen  a  preparation 
stained  with  methylene  blue  contains  only  a  small  number  of  C.  diph¬ 
theria#  the  latter  can  easily  be  Inspected,  but  they  are  easier  to  de¬ 
tect  In  a  smear  stained  by  Nelsser's  method. 


Pig.  70.  L  forms  of  C.  dlphther- 
lae.  Phase-contrast  microscopy. 

1350  x  (prepared  by  0.7a.  Kagan). 

Biology  of  C.  dlphterlae;  cultural  characteristics 

Diphtheria  baclllae  develop  well  when  oxygen  is  freely  available 
an  grow  at  temperatures  of  from  15  to  40°,  the  optimum  growth  temper¬ 
ature  being  33-35°  and  the  optimum  pH  7. 6-8.0.  They  will  grow  on 
ordinary  nutritive  media,  but  develop  better  and  exhibit  character¬ 
istic  morphological  traits  on  media  containing  blood  or  serum  from 
any  species  of  animal.  C.  diphtherias  appear  on  such  media  within  8- 
10-12  hr,  growing  more  rapidly  than  other  bacteria.  The  most  common 
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Pig.  71.  Corinebacterium  diphtheriae.  Typical  angular  arrangement  of 
bacteria.  Anoptral  microscopy.  2000  x. 


selective  nutritive  media  are:  a)  coagulated  horse  serum  (Roux's  med¬ 
ium);  b)  a  mixture  of  3  parts  of  serum  and  one  part  of  meat  broth  con¬ 
taining  lit  glucose  and  1 %  peptone  and  subjected  to  slow  coagulation 
(Loeffler's  medium);  c)  tellurium  media  (Klauberg  II  medium,  blood-tel¬ 
lurium  agar,  and  serum-tellurium  agar).  The  general  appearance  of 
growths  of  C.  diphtheriae  on  slants  of  coagulated  serum  media  in  test- 
tubes  is  very  characteristic:  the  colonies  do  not  merge  and  the  entire 
culture  takes  the  form  of  scattered  granules,  resembling  shagreen  lea¬ 
ther.  The  colonies  are  round,  smooth  or  slightly  granular,  and  opaque, 
with  a  translucent  periphery  and  smooth  margins,  which  subsequently 
become  sinuous  or  even  serrated.  The  size  and  shape  of  the  colonies 
depend  to  a  substantial  extent  on  the  quality  of  the  nutritive  medium 
and  the  size  of  the  culture.  The  wide  use  of  potassium  tellurite  for 
bacteriological  diagnosis  of  diphtheria  has  caused  C.  diphtheriae  to 
become  highly  resistant  to  this  compound;  they  produce  a  luxuriant 
growth  at  concentrations  sufficient  to  retard  the  development  of  the 
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concomitant  microflora.  They  form  dark  gray  or  black  colonies  on. tel¬ 
lurite  media,  reducing  the  tellurite  to  metallic  tellurium.  This  pro¬ 
cess  takes  place  within  the  bacterial  cell  and  crystals  of  metallic 
tellurian  can  be  detected  intracellular ly  by  electron  olcrosoopy. 

Types  of  C.  dlphtherlae.  Three  types  of  diphtheria  bacillus  are 
distinguished  on  the  basis  of  their  cultural  characteristics:  gravis 
(severe),  mitls  (moderate),  and  lntermedlus  (intermediate).  The  gravis 
type  produces  a  granular  sediment  and  a  film  in  broth  and  forms  flat 
mat  colonies  of  Irregular  outline,  resembling  daisies,  on  solid  media. 
The  mitls  type  uniformly  clouds  broth  and  forma  convex  translucent 
colonies.  The  lntermedlus  type  has  certain  of  the  characteristics  of 
the  first  two  types  and  is  referred  to  as  intermediate  for  the  reason. 
Atypical  cultures  are  also  often  encountered. 

The  view  advanced  by  Anderson  et  al.,  which  holds  that  the  sever¬ 
ity  of  the  clinical  course  of  the  disease  is  determined  by  the  type  of 
C.  dlphtherlae,  has  not  been  confirmed  by  extensive  research  conducted 
in  the  Soviet  Union.  It  has  been  established  that  the  gravis  type  most 
frequently  causes  group  outbreaks  within  individual  families  and  epi¬ 
demics,  while  the  mitls  type  is  usually  associated  with  episodic  cases 
of  diphtheria. 

Just  as  other  microorganisms,  diphtheria  bacilli  form  smooth  (S), 
rough  (R),  and  intermediate  (RS)  colonies.  The  R  form  generally  pre¬ 
dominates  in  highly  toxic  strains  (see  Figs.  72  and  73) • 

Diphtheria  bacilli  produce  acid  but  no  gas  on  media  containing 
glueose,  maltose,  and  galactose,  but  not  on  those  containing  lactose, 
sucrose,  and  mannitol.  Fermentation  of  starch  and  glycogen  is  a  char¬ 
acteristic  of  the  gravis  type.  Many  strains  cause  hemolysis  on  blood 
agar  and  lyze  erythnooytes  added  to  a  culture.  The  "Park-Williams  No. 
8"  strain,  which  was  Isolated  by  Park  and  Williams  in  the  United 


gay 
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Pig.  72.  Corinebacterium  diphtheriae. 
Colonies  on  dishes  containing  blood 


Pig.  73.  Corinebacteriuri;  diphtheriae. 
Colonies  on  dishes  containing  blood 
agar.  R  form.  j  ■'*  x. 


States  in  189**,  belongs  to  the  int  .-rmed  iate  type  and  is  enzymatically 
less  active  than  its  variants,  "Toronto,"  "Massachusetts,"  and  "Weis- 
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1)  Serological  types,  following  new  nomenclature;  2)  types;  3)  Robinson 
and  Penny;  4)  MNIIVS  imeni  Mechnikov;  5)  Moscow  IEMG;  6)  notes;  7) 
basic  types;  8)  supplemental  types. 

acid,  or  50-601  alcohol  kills  it  within  1  min.  The  majority  of  anti¬ 
biotics,  particularly  penicillin,  are  lethal  for  this  bacterium  in  the 
human  body  and  on  nutritive  media.  Low  temperatures  (down  to  -190°)  re¬ 
quire  extended  periods  to  kill  diphtheria  bacilli:  they  also  remain  vi¬ 
able  after  repeated  freezing  and  thawing.  Light,  moisture,  or  high 
temperatures  cause  them  to  die  more  rapidly.  They  are  killed  within  a 
few  days  under  the  action  of  direct  sunlight.  In  a  liquid  medium  C. 
diphtheriae  i3  killed  within  10  min  at  a  temperature  of  60° ,  but  an 
absolutely  dry  film  will  survive  heating  to  98°.  Diphtheria  bacilli 
entering  the  external  environment  in  drops  of  moisture  expelled  by  a 
patient  or  carrier  exhibit  considerable  resistance  when  a  certain 
combination  of  conditions  (principally  absence  of  light,  moisture,  and 
high  temperatures)  exists;  they  consequently  survive  for  months  in  the 
dry  state  on  articles  kept  in  darkness  (the  patient's  dishes,  pencils, 
pens,  toys,  etc.).  Bacteria  adhering  with  saliva  to  the  rim  of  a  glass 
retain  their  viability  for  up  to  15  days  (Esmark).  The  usual  rinsing 
of  glasses  with  cold  water  under  a  tap  and  even  scrubbing  with  a  towel 
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will  not  ensure  removal  of  dlj- .  -  .'a  bacilli.  C.  diphtheriae  can  be 

killed  only  by  treatment  with  •.  i  water  for  more  than  5  min.  These 
bacteria  die  after  4-8  hr  in  ilffu-cd  light.  They  retain  their  viabil¬ 


ity  for  up  to  5  weeks  in  duct, 
and  for  up  to  2  weeks  in  cadav 
Antigenic  structure;  seroty; -v 
Serological  types.  Diph’; 


ur i  to  6-20  days  in  water  and  milk, 


r.aollli  are  heterogeneous  with  res¬ 


pect  to  antigenic  structure,  r  .•  vd-.y  all  produce  the  same  toxin.  Ser¬ 


ological  heterogeneity  may  L 


.  r  V‘;d  within  a  single  type  and  there 


is  no  serological  relational;  ■  the  three  types  (gravis,  mitis, 


and  intermedius) .  In  1961  tb 
a  new  nomenclature,  utiliol; 
logical  types. 

An  agglutination  react! 
tures.  The  agglutinative 
at  pH  7.6  (3  g  of  sodium  ihi 
ter  and  the  pH  is  adjusts;  • 
culture  to  be  studied  is  r.  i 
collected  with  a  sterile  :• 
serve  as  a  filter. 


'  try  of  Public  Health  USSR  approved 
;  numerals,  for  the  various  sero- 


i.i’ed  out  on  slides  with  pure  cul- 
.  uu\l  to  1:25  with  saline  solution 
•died  to  100  ml  of  distilled  wa- 
■  i'ng  5?  sodium  phosphate).  The 
.  -.1  of  the  saline  solution  and 
with  cotton  In  its  tip  to 


For  a  culture  control  lu  set  up  with  saline  solution 

but  no  serum.  A  positive*  :  -  characterized  by  rapid  appearance 

of  an  agglutinate  (2-3  r: I r:  ■  •  ares  the  form  of  flakes,  these  be¬ 
ing  especially  distinct  when  r  ion  Is  viewed  from  above  the 

meniscus  (see  page  118). 

Toxin  formation 

All  three  types  of  C.  -r  produce  the  same  toxin,  which 

Is  easily  neutralized  by  -•  >  •  .  .  .  :l:  ntheria  antitoxic  sera.  The 

optimum  toxin-formation  o  r  f  1  ,*r  from  the  optimum  growth  con- 


ditions.  Meat  extracts  containing  peptone  were  formerly  the  principal 
media  for  toxin  formation.  Study  of  bacterial  nutrition  has,  however, 
shown  that  neither  peptone  nor  proteases  are  necessary  for  toxin  form¬ 
ation.  Meat-extract  media  can  successfully  be  replaced  by  certain  am¬ 
ino  acids  and  growth  agents.  Addition  of  maltose  or  glucose  to  the 
medium  promotes  an  intensification  of  toxin  production. 

Determination  of  the  toxlgenlcity  of  diphtheria  bacilli.  Deter¬ 
mination  of  the  toxocity  of  diphtheria  cultures  is  intended  to  deter- 
nine  the  danger  presented  to  others  by  diphtheria  carriers. 

Toxicity  is  determined  in  vivo  in  guinea  pigs  (by  the  subcutan¬ 
eous  or  intracutaneous  method)  or  in  vitro  on  solid  nutritive  media  in 
Petri  dishes. 

a)  Subcutaneous  method:  in  this  technique  the  culture  must  be  in¬ 
cubated  on  coagulated  serum  for  18-24  hr.  The  bacterial  growth  is  best 
washed  off  with  nutritive  broth,  since  even  physiological  solution 
breaks  down  the  cells.  Both  mixed  and  pure  cultures  can  be  used  for 
the  subcutaneous  test.  The  experimental  and  control  guinea  pigs  should 
weigh  250-300  g.  The  control  animal  is  given  100  units  of  antidiphther- 
la  serum  on  the  day  before  the  experiment.  The  bacterial  suspension  is 
administered  to  both  animals  in  a  dose  of  0.2  ml.  If  the  strain  under 
investigation  is  toxigenic  the  unimmunized  guinea  pig  dies  within  2-5 
days,  exhibiting  characteristic  pathologoanatomic  changes  (a  serous- 
hemorrhagic  Infiltration  at  the  injection  site,  severe  hyperemia  of 
the  adrenals,  and  an  exudate  in  the  pleural  and  abdominal  cavities  and 
pericardium).  The  control  animal,  which  received  the  same  culture  dose, 
survives.  The  subcutaneous  method  is  distinguished  by  the  fact  that  it 
is  more  accurate  than  the  intracutaneous  method. 

b)  Intracutaneous  method;  this  method  makes  it  possible  to  test 
several  strains  on  one  animal.  It  is  preferable  to  use  a  pure  culture, 
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which  is  washed  from  coagulated  serum  with  1-4  ml  of  broth  or  physio¬ 
logical  solution,  depending  on  the  extent  of  the  growth.  The  suspen¬ 
sion  Is  diluted  In  such  fashion  that  1  ml  contains  approximately  500 
million  bacteria,  as  determined  by  comparison  with  an  optical  standard. 
The  test  is  performed  on  2  guinea  pigs  weighing  400  g  (preferably 
white),  shaving  the  coat  from  the  sides  and  back  over  an  area  which 
permits  simultaneous  testing  of  8-10  cultures.  On  the  day  before  the 
experiment  one  of  the  guinea  pigs  (the  control)  is  given  1000  units  of 
antitoxic  antidiphtheria  serum  intraperitoneally .  The  suspended  test 
cultures  are  injected  intracutaneously  in  doses  of  0.2  ml.  Known  tox¬ 
igenic  and  nontoxigenic  strains  are  administered  at  the  same  time, 
as  a  control.  In  order  to  keep  the  experimental  guinea  pig  from  dying 
during  development  of  the  characteristic  dermal  reaction  100  units  of 
antldlphtherla  serum  is  injected  intraperitoneally  after  4  hr.  Toxi¬ 
genic  strains  cause  formation  of  an  inflammatory  infiltration  at  the 
Injection  site  within  2-5  days  and  subsequent  necrosis.  The  results 
are  evaluated  after  24-48-72  hr. 

c)  Method  of  determining  toxlgenlclty  in  vitro:  this  method  is 
accurate,  simple,  inexpensive,  and  rather  rapid  (the  results  can  be 
evaluated  within  24  hr  in  the  majority  of  cases).  It  permits  detection 
of  moderately  toxigenic  cultures,  which  may  give  a  negative  result 
when  the  intracutaneous  method  is  used.  This  technique  has  come  into 
wide  practical  use  in  recent  years. 

A  total  of  12  ml  of  nutritive  medium  which  has  been  melted  and 
cooled  to  50°  is  poured  into  sterile  Petri  dishes  10  cm  in  diameter. 
Strips  of  filter  paper  1.5  x  8  cm  in  size  are  wrapped  in  paper  pack¬ 
ages,  4  strips  to  a  package,  and  sterilized  in  an  autoclave  under 
pressure  at  120°.  The  paper  strips  are  placed  in  sterile  Petri  dishes 
as  needed  and  moistened  with  Diaferm  3  diphtheria  antiserum  diluted 
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Pig.  74.  Completed  precipita¬ 
tion  reac  ion  in  agar.  A  nontox¬ 
ic  strain  is  in  the  center. 

with  physiological  solution  to  a  content  of  500  units  per  ml.  The  di¬ 
luted  serum  can  be  stored  under  refrigeration  for  up  to  10  days.  Each 
strip  is  moistened  with  0.25  ml  of  antiserum.  The  serum- impregnated 
paper  is  transferred  to  the  center  of  a  dish  containing  solidified  nu¬ 
tritive  medium  with  a  sterile  tweezers.  The  dishes  are  dried  in  a  heat¬ 
er  for  15-20  min. 

The  cultures  to  be  tested  are  applied  to  the  surface  of  the  solid 
nutritive  medium  in  spots  1  cm  in  diameter  and  0.3-0. 5  cm  from  the 
paper,  2  spots  on  each  side  of  the  strip.  One  di3h  is  simulteneously 
inoculated  with  3  strains,  one  of  which  is  known  to  be  toxigenic  and 

serves  as  the  control.  Use  of  strain  PW8  for  this  purpose  is  not  re- 

* 

commended.  The  inoculated  dishes  are  incubated  in  a  heater  at  37° 

(Pig.  7*0 .  The  results  are  evaluated  daily  for  48  hr.  After  18— 2 ^  hr 
the  dishes  are  examined  with  a  magnifying  glass  in  transmitted  light 
against  a  dark  background.  On  subsequent  days  the  lines  become  more 
compact  and  are  visible  to  the  unaided  eye.  The  control  strain  is 
.-•■nred  on  coagulated  serum  at  4-6°  and  is  recultured  at  least  every 
10-  14  days.  When  the  morphological  properties  of  the  culture  are  al- 
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tered  (coccold  forms  appear)  It  Is  passed  through  blood  agar. 

The  secondary  precipitation  lines,  which  appear  3-4  days  after 
culturing,  are  regarded  as  nonspecific.  They  merge  with  the  secondary 
line  of  the  toxigenic  control  strain  or  cross  its  primary  line. 
Laboratory  Diagnosis  of  Diphtheria 

The  morphological  characteristics  of  C.  diphtheriae  are  very  un¬ 
stable,  depending  both  on  the  conditions  in  the  host  organism  and  the 
culturing  conditions.  Morphological  properties  may  vary  as  a  result  of 
passage  through  an  Immune  organism  or  of  sanation  of  the  mucosae  with 
antibiotics.  Hence  it  follows  that  the  bacteriological  diagnosis  of 
diphtheria  cannot  be  limited  to  identification  procedures  based  solely 
on  study  of  traits  as  unstable  as  morphological  characteristics.  The 
purpose  of  bacteriological  investigation  is  to  isolate  a  pure  culture 
and  to  identify  it  by  studying  a  complex  of  biological  characteristics. 
Material  for  examination;  taking  of  samples 

Dry  sterile  cotton  swabs  (sterilized  by  dry  heat  at  160°  for  4o 
rnin)  are  used  for  taking  samples;  when  the  material  is  to  be  shipped 
over  long  distances  or  in  a  hot  climate  the  swabs  should  be  moistened 
with  5%  glycerine  in  physiological  solution  (the  pH  of  the  solution 
is  adjusted  to  8.0  with  20 i  Na^HPO^).  It  is  best  to  take  the  samples 
on  an  empty  stomach  for  no  less  than  2  hr  after  the  last  meal  (care 
should  be  taken  that  the  mouth  has  not  been  rinsed  with  disinfectants 
shortly  before  the  material  is  taken).  When  carriers  have  been  sub¬ 
jected  to  sanation  procedures  or  patients  have  received  antibiotic 
therapy  the  material  to  be  cultured  should  be  taken  no  less  than  3 
days  after  termination  of  treatment.  Before  taking  material  the  stop¬ 
per  must  be  loosened  in  the  test-tube  so  that  it  can  be  removed  quick- 

t 

ly;  the  root  of  the  tongue  is  held  down  with  a  tongue  depressor  and 
samples  are  taken  from  the  most  severely  affected  area  under  visual 


monitoring,  without  touching  the  tongue,  the  mucosa  of  the  cheek,  or 
the  teeth.  When  incrustations  are  present  material  should  be  taken 
from  the  boundary  between  the  affected  and  healthy  tissue,  pressing 
the  swab  gently  against  it.  If  a  diphtheritic  plaque  is  present  it  is 
best  to  remove  a  small  fragment  with  a  tweezers  and  to  culture  this 
material. 

Analyses  for  diphtheria  requires  simultaneous  investigation  of 
films  and  mucous  from  the  mouth  and  nose;  in  diphtheria  of  rare  lo¬ 
calizations  (eyes,  ears,  vagina,  skin,  or  wounds)  the  oral  and  nasal 
mucous  must  be  examined  in  addition  to  material  from  the  affected 
area.  In  taking  sampLes  from  the  nose  it  is  first  carefully  cleaned 
with  a  dry  cotton  swab,  which  is  inserted  deep  into  the  nasal  passag¬ 
es.  Two  swabs  must  be  used  for  taking  samples  from  the  mouth  and  nose 
material  can  be  taken  from  both  nostrils  with  a  single  swab. 

The  samples  should  be  taken  by  the  physician  or  his  assistant 
(dresser,  nurse,  epidemiological  assistant,  or  laboratory  technician) 
The  material  should  be  sent  to  the  laboratory  as  quickly  as  possible 
(no  more  than  3-**  hr  after  it  is  taken)  and  cultured  soon  after  it 
arrives.  When  distance  makes  it  impossible  for  the  laboratory  to  re¬ 
ceive  the  samples  within  3-1*  hr  the  material  must  be  taken  with  a  gly¬ 
cerine-impregnated  swab  or  cultured  at  the  patient's  bedside.  In  such 
cases  the  laboratory  should  supply  tubes  containing  coagulated  serum 
in  addition  to  the  swabs  for  taking  the  material.  During  the  winter 
the  medi’un  should  be  protected  against  freezing. 

Bacteriological  investigation 

The  material  from  each  swab  is  cultured  on  coagulated  serum  and 
on  a  dish  containing  blood-tellurium  agar  or  Klauberg  II  medium  (the 
medium  should  be  heated  in  an  Incubator  before  inoculation).  Use  of 
both  coagulated  serum  and  blood-tellurium  agar  permits  diagnosis  of 
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diphtheria  In  a  large  percentage  of  cases.  The  swab  Is  Inserted  Into 
a  test-tube  containing  coagulated  serum  and  moistened  with  condensa¬ 
tion  water;  the  material  is  then  rubbed  Into  the  surface  of  the  medi¬ 
um  with  circular  motions.  The  culture  is  incubated  at  37°  and  exam¬ 
ined  after  18-24  hr.  An  inspection  can  be  made  earlier,  e.g.,  after 
6-12  hr,  in  emergency  cases.  Although  culturability  is  5-10#  higher 
on  tellurium  medium  than  on  Loeffler's  serum,  parallel  use  of  Loef¬ 
fler's  medium  or  coagulated  serum  is  extremely  desirable,  since  these 
media  make  it  possible  to  determine  whether  the  swab  is  suitable  for 
examination:  insufficient  bacterial  growth  indicates  that  the  patient's 
throat  was  treated  with  antibiotics  or  that  the  material  was  incorrect¬ 
ly  taken  or  was  overlong  in  transit.  Diphtheria  bacilli  develop  more 
rapidly  on  Loeffler's  medium  than  on  tellurium  medium  and  a  -relim- 
inary  diagnosis  can  be  made  sooner,  often  within  8  hr.  One  drawback 
of  Loeffler's  medium  is  the  pauslty  of  the  growth  of  C.  diphtheriae 
in  certain  cases  and  the  consequent  difficulty  of  isolating  it  from 
among  the  other  bacteria  present.  The  principal  drawback  of  tellurium 
medium  is  the  slow  growth  of  certain  strains  of  the  mitis  type. 

Colonies  raised  on  dishes  for  24-48  hr  are  studied  macroscop- 
ically  with  a  magnifying  glass  and  suspected  colonies  are  examined 
microscopically  and  cultured  on  Petri  dishes  containing  a  special  med¬ 
ium  for  determination  of  toxigenicity.  For  this  purpose  5  or  6  colon¬ 
ies  are  cultured  in  separate  streaks  or  spots.  Several  (3-4)  of  these 
colonies  are  then  cultured  in  test-tubes  containing  coagulated  serum 
to  obtain  pure  cultures,  as  well  as  in  test-tubes  containing  Hiss’s 
carbohydrate  media  (sucrose  and  glucose).  Cultures  on  Hiss's  medium 
containing  starch  are  made  on  the  following  day  if  necessary.  When 
only  a  few  (1-3)  suspected  colonies  are  present  they  are  cultured  only 
in  tubes  containing  coagulated  serum,  in  order  to  isolate  a  pure  cul- 
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ture,  all  of  whose  characteristics  are  then  studied. 

On  the  following  day  (i.e.,  48  hr  after  the  Initial  culture  is 

made)  the  results  of  culturing  on  the  media  for  determination  of  tox- 

C 

igenicity  and  biochemical  properties  are  evaluated  and  the  pure  cul¬ 
ture  from  the  coagulated  serum  is  examined  microscopically.  If  a  non- 
toxigenic  culture  which  decomposes  carbohydrates  is  isolated  it  is 
necessary  to  conduct  additional  tests  for  cystinase  (Pisou's  test) 
and  urease  (culturing  in  broth  containing  urea  or  Saks’s  te3t)  and  an 
agglutination  reaction  with  polytypic  diphtheria  serum. 

The  urease  test  permits  rapid  (within  20  min)  identification  of 
pseudodiphtheria  bacilli,  90 %  of  which  possess  this  enzyme.  Diphtheroid 
bacilli  contain  urease  in  25%  of  all  cases,  while  Loeffler's  bacilli  do 
not  produce  this  enzyme  at  all. 

The  serological  type  is  determined  only  when  requested  by  an  epi¬ 
demiologist.  An  agglutination  reaction  is  set  up  on  slides  with  mono- 
typic  diphtheria  sera. 

When  direct  culturing  on  tellurium  agar  does  not  produce  colonies 
of  diphtheria  bacilli  or  when  these  bacilli  are  not  sufficiently  typi¬ 
cal  morphologically  in  smears  it  is  necessary  to  make  a  microscopic 
examination  of  smears  of  a  mixed  culture  raised  on  coagulated  serum. 
When  rods  with  typical  or  suspicious  morphological  characteristics  are 
detected  the  mixed  culture  is  transplanted  to  Petri  dishes  containing 
blood-tellurium  agar  or  Klauberg  II  medium.  In  clinically  suspicious 
cases  the  investigator  cannot  be  satisfied  with  a  single  negative  re¬ 
sult,  but  must  make  a  second  culture. 

In  prophylactic  examinations  cultures  on  coagulated  serum  are 
examined  after  24  hr.  When  the  growth  is  scanty  or  indetectable 
smears  are  made  from  the  condensation  water.  If  diphtheria  bacilli 
are  detected  the  cultures  are  again  Incubated  and  investigated  after 
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48  hr. 


Table  53  can  be  used  for  Identifying  the  bacterium  Isolated. 

Times  for  formulating  and  making  reports  In  Investigations  for 
diphtheria.  1.  When  morphologically  typical  diphtheria  bacilli  are 
found  In  cultures  of  material  from  the  mouth  and  nose  in  dishes  or  in 
a  mixed  culture  on  coagulated  serum  a  report  of  "diphtheria  bacilli 
detected,  investigation  continuing"  is  made  after  24-48  hr. 

2.  If  rods  morphologically  similar  to  diphtheria  bacilli  are  de¬ 
tected  on  coagulated  serum  or  in  colonies  a  report  of  "rods  suspected 
of  being  diphtheria  bacilli  detected,  investigation  continuing"  is 
made  after  24-48  hr. 

TABLE  53 


Properties  of  Diphtheria  Bacilli  and  Similar  Corin- 
ebacteria 
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1)  Species;  2)  sucrose;  3)  glucose;  4)  starch;  5)  toxigenicity ;  6) 
additional  traits;  7)  Pisou's  test;  8)  urease  test;  9)  agglutination; 
10)  diphtheria  bacilli;  11)  diphtheroid  bacilli;  12)  pseudodiphtheria 
bacilli;  13)  rarely;  14)  or. 


3.  If  no  diphtheria  bacilli  are  detected  on  tellurite  media  In 
dishes  or  coagulated  serum  a  negative  report  is  made. 

4.  When  material  taker  from  a  rarely  affected  area  is  investi¬ 
gated  a  report  is  made  only  when  the  culture  isolated  has  been  iden¬ 
tified  from  the  aggregate  of  its  properties  (after  48-72  hr). 
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5.  In  examining  patients  and  carriers  in  accordance  with  epidem¬ 
iological  indications  a  final  report  can  be  made  after  48  hr  (culture 
toxigenic)  or  72  hr  (culture  nontoxigenic)  when  diphtheria  colonies 
are  detected  in  the  Petri  dishes  after  24  hr.  When  colonies  appear  in 
the  dishes  after  more  than  24  hr  the  report  is  made  correspondingly 
later. 

6.  If  diphtheria  bacilli  are  first  detected  only  on  the  coagu¬ 
lated  serum  (principally  in  prophylactic  examinations)  a  final  report 
is  made  after  48-72  hr  (if  toxigenicity  is  detected  in  a  mixed  cul¬ 
ture  or  72-96  hr  (if  toxigenicity  is  not  detected  in  a  mixed  culture). 

7.  When  the  preliminary  report  has  indicated  detection  of  diph¬ 
theria  bacilli  and  subsequent  study  shows  them  to  be  diphtheroid  the 
final  report  is  formulated  as  "the  bacillus  detected  proved  to  be 
diphtheroid  on  further  investigation." 

8.  When  the  preliminary  report  has  indicated  detection  of  diph¬ 
theria  bacilli  and  subsequent  study  shows  them  to  be  other  bacteria 
(except  diphtheroid)  the  final  report  is  formulated  as  "presence  of 
diphtheria  bacilli  not  confirmed  by  further  investigation." 

9.  When  the  preliminary  report  has  indicated  detection  of  mor¬ 
phologically  suspicious  rods  the  final  report  depends  on  the  result 
obtained  in  isolating  a  pure  culture  and  is  formulated  as  "diphtheria 
bacilli  not  detected"  when  negative. 

10.  When  the  analysis  is  positive  the  final  report  is  formulated 
as  "toxigenic  (or  nontoxigenic)  diphtheria  bacilli  isolated;"  in 
studying  cultural-biochemical  characteristics  the  report  indicates 
whether  the  bacterium  belongs  to  the  gravis  or  mitis  type,  while  in 
serotyping  the  serological  type  is  noted. 

11.  In  all  cases  where  diphtheria  bacilli  are  detected  the  lab¬ 
oratory  must  notify  the  institution  which  sent  the  material  for  an- 


•lysis 


12.  In  all  casea  where  diphtheria  bacilli  are  first  detected  in 
material  not  aent  to  the  laboratory  from  medical  institutions  the 
former  must  notify  the  regional  epidemiologist  so  that  the  necessary 
antiepidemic  measures  can  be  taken. 

13.  In  making  a  report  by  telephone  it  is  necessary  to  note  the 

date  and  the  surnames  of  the  persons  placing  and  receiving  the  call. 

Determination  of  sensitivity  or  insensitivity  to  diphtheria  (Schick 
test) 

Specially  prepared  aged,  purified,  and  stabilized  diphtheria 
toxin  is  used  for  the  Schick  test,  being  injected  intracutaneously  in 
a  dose  of  0.2  ml,  which  contains  1/40  MLD.  A  positive  Schick  test  is 
usually  regarded  as  a  sign  of  sensitivity  to  diphtheria,  indicating 
that  antitoxin  is  either  completely  lacking  or  present  only  in  small 
quantities  in  the  circulating  blood.  A  negative  reaction  (immunity 
present)  is  consistently  registered  at  an  antitoxin  content  of  1/30 
unit  per  ml  or  more;  a  positive  reaction  (immunity  absent)  takes 
place  at  1/1000  unit  per  ml  or  less.  The  Schick  test  can  be  either 
positive  or  negative  between  these  two  antitoxin  contents.  This  test 
makes  it  possible  to  evaluate  the  immunological  condition  of  a  group 
of  children  after  a  course  of  immunization  and,  with  proper  organ¬ 
ization,  the  effectiveness  of  the  preparation  used  for  active  immun¬ 
ization.  There  is  no  need  to  conduct  a  Schick  test  before  immuniza¬ 
tion.  The  reaction  usually  becomes  negative  4-12  weeks  after  immun¬ 
ization. 

The  actual  quantity  of  diphtheria  antitoxin  circulating  in  the 
blood  can  be  determined  by  titration  i.n  rabbits  or  guinea  pigs. 

Determination  of  quantity  of  diphtheria  antitoxin  by  Jensen’s 
method .  Intracutaneous  titration  of  diphtheria  antitoxin  is  based  on 
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the  law  of  strict  proportionality  in  the  neutralization  of  diphtheria 
toxin  by  specific  antitoxin.  This  law  was  first  demonstrated  by  Roern- 
er  (1909)  and  was  studied  in  detail  by  Jensen  (1933)*  The  latter  sug¬ 
gested  that  titration  be  carried  out  at  different  levels,  depending 
on  the  antitoxin  content  of  the  sera  to  be  tested.  The  precision  with 
which  the  serum  titre  can  be  determined  is  considerably  reduced  when 
the  toxin  is  highly  diluted. 

Titration  of  antidiphtheria  immune  sera,  a  procedure  employed  in 
various  investigations  connected  with  the  study  of  antitoxic  immunity 
in  diphtheria,  is  usually  carried  out  at  1/300  unit  or  1/3000  unit, 
depending  on  the  assumed  titre  of  the  serum  under  investigation.  Sera 
containing  from  0.5  to  100  units  per  ml  are  generally  titrated  at 
1/300  unit,  while  sera  containing  less  than  0.5  unit  per  ml  are  ti¬ 
trated  at  1/3000  unit.  The  minimum  serum  titre  which  can  be  deter¬ 
mined  at  1/300  unit  is  0.05  unit,  provided  that  whole  (undiluted) 
serum  is  used,  but  since  the  serum  is  diluted  to  1:9  with  buffer  so¬ 
lution  in  order  to  conserve  the  material,  the  minimum  antitoxin  titre 
determinable  at  1/300  unit  is  actually  0.5  unit  per  ml.  The  minimum 
titre  determinable  at  1/3000  unit  is  less  by  a  factor  of  10,  i.e., 
0.005  unit*  when  undiluted  serum  is  used  and  0.05  unit  per  ml  when 
the  serum  is  diluted  to  1:9. 

The  experimental  reacting  dose  of  diphtheria  toxin  (LR)  is  the 
least  quantity  of  toxin  which,  when  mixed  with  1/300  unit  (for  ti¬ 
tration  at  1/300  unit)  or  1/3000  unit  (for  titration  at  1/3000  unit) 
of  standard  antidiphtheria  serum  (containing  10  unlts/ml),  causes 
a  dermal  erubescence  10  mm  in  diameter  at  the  site  of  an  injection 
of  0.1  ml  of  the  mixture  after  48  hr. 

Diphtheria  toxins  prepared  in  peptic-  or  tryptic-extract  broth 
containing  approximately  200-250  MLD  per  ml  (carbolized  with  0.25% 
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phenol)  and  aged  for  no  less  than  2  years  in  a  dark  place  at  a  tem¬ 
perature  of  +4°  are  used  for  this  purpose.  The  experimental  toxin 
doses  for  titration  at  1/300  and  1/3000  unit  are  determined  simultan 
eously  in  2  rabbits.  The  experiment  is  repeated  2  or  3  times  and  an 
average  is  taken. 

In  order  to  exclude  individual  variations  associated  with  the 
sensitivity  of  the  rabbits  a  series  of  control  tubes  (a  total  of  11) 
containing  mixtures  of  a  given  quantity  of  toxin  with  different  quan¬ 
tities  of  standard  antitoxin  is  prepared.  An  amount  of  antitoxin 
corresponding  to  the  titration  level,  i.e.,  1/300  or  1/3000  unit  and 
0.1  ml  of  mixture,  is  always  added  to  tube  No.  5. 

The  sera  are  titrated  in  volumes  of  3  ml  or  0.3  ml,  depending 
on  the  amount  of  serum  available.  It  is  preferable  to  titrate  them 
in  volumes  of  3  ml. 

Jensen’s  buffer  (pH  7-38)  is  used  to  dilute  the  sera  and  toxin. 

Titration  in  volumes  of  3  ml  is  carried  out  in  ordinary  test- 
tubes,  while  titration  in  volumes  of  0.3  ml  is  conducted  in  agglu¬ 
tination  tubes.  The  pipettes  and  syringes  should  be  accurately 
graduated  (their  calibration  should  be  checked). 

Preparation  of  rabbits.  Rabbits  of  the  chinchilla  or  white 
strain  with  a  well-developed  subcutaneous  cellular  tissue  and  weigh¬ 
ing  no  less  than  3  kg  are  used  for  titration.  The  animals  should  be 
kept  in  Individual  cages  for  2-4  weeks  before  titration.  In  order  to 
promote  better  development  of  the  subcutaneous  cellular  tissue  they 
must  be  fed  concentrated  feeds  (fish  meal,  dry  milk,  oatmeal,  vita¬ 
mins,  and  fresh  vegetables)  throughout  this  period.  There  should  be 
no  scars  on  the  skin  and  the  undercoat  should  be  dark.  The  coat  is 
carefully  clipped  with  scissors  on  the  day  before  titration,  taking 
care  not  to  traumatize  the  skin;  if  the  rabbits  are  depilated  or 
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shaved  this  is  done  4-5  days  before  the  experiment.  The  skin  should 
be  smooth  and  have  no  scratches  or  blotches. 

Before  the  experiment  a  pen  is  used  to  mark  out  a  grid  on  the 
rabbit's  skin,  which  is  duplicated  in  a  notebook.  Each  square  of  the 
grid  is  2  x  2  cm  in  size. 

The  results  of  titration  of  the  test  sera  are  evaluated  after 
36-48  hr.  The  control  series  is  examined  first,  measuring  the  diame¬ 
ter  of  the  erubescence  with  paper  graduated  in  millimeters.  In  this 
series  the  mixture  from  tube  No.  5,  which  contains  1/300  units, 
should  give  a  reaction  with  a  diameter  of  10  mm;  the  titre  of  the 
test  serum  corresponds  to  its  dilution  in  this  case,  yielding  a  reac¬ 
tion  10  mm  in  diameter.  If  the  mixture  from  tube  No.  5  of  the  control 
series  gives  a  reaction  more  or  less  than  10  mm  in  diameter  that  con¬ 
trol  dilution  which  gives  a  reaction  10  mm  in  diameter  is  selected 
and  a  correction  factor  by  which  the  titration  results  in  units  are 
to  be  multiplied  is  Introduced.  The  correction  factor  is  (numerical¬ 
ly)  the  quantity  of  standard  serum  diluted  100-fold  contained  in  the 
mixture  which  gives  a  reaction  10  mm  in  diameter. 

If  all  the  reactions  in  the  control  series  have  diameters  more 
or  less  than  10  mm,  none  precisely  equaling  10  mm,  the  average  of 
the  two  closest  values  is  taken.  In  this  case  the  correction  factor 
is  the  arithmetic  mean  of  the  quantities  of  diluted  standard  serum 
contained  in  these  tubes. 

It  can  be  seen  from  Table  55  that  an  erubescence  10  x  10  mm 
in  size  lay  between  tubes  Nos.  3  and  4;  the  values  for  these  tubes 
were  consequently  averaged  and  a  correction  factor  introduced.  The 
amount  of  antitoxin  per  ml  of  test  serum  is  calculated  in  the  fol¬ 
lowing  manner:  if  an  erythema  10  x  10  mm  in  size  is  detected  within 
48  hr  after  lntracutaneous  injection  of  0.1  ml  of  a  mixture  con- 
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TABLE  54 

Set-up  of  Titration  Experiment  at  1/300  Unit  in 
Volumes  of  3  ml 
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1)  Test-tube  No.;  2)  serum;  3)  units/ml;  4)  serum  dilution;  5)  quan 
tity  of  diluted  serum,  ml;  6)quantity  of  Jensen’s  buffer  solution, 
ml;  7)  quantity  of  diluted  toxin,  ml;  8)  diameter  of  reaction  af¬ 
ter  48  hr,  mm;  9)  result;  10)  control  series;  11)  GKI  standard;  ser 
ies  No.;  12)  test  serum  No.;  13)  assumed  titre;  14)  whole. 


taining  0.5  ml  of  diluted  (1:9)  test  serum,  1.5  ml  of  buffer  solu¬ 
tion,  and  1  ml  of  diluted  diphtheria  toxin,  0.1  ml  of  this  mixture 
contains  1/300  unit  and  3  ml  contains  30  times  as  much,  i.e.,  1/10 
unit.  If  the  0.5  ml  of  10-fold  diluted  test  serum  in  the  mixture 
corresponds  to  1/10  unit,  1  ml  of  the  serum  will  contain  20  times 
as  much  antitoxin,  i.e.,  2  units. 

The  titration  is  carried  out  and  the  results  evaluated  in  pre¬ 
cisely  the  same  manner  at  1/3000  unit,  the  only  difference  being 
the  fact  that  the  standard  serum  Is  diluted  by  a  factor  of  1000. 

The  experimental  toxin  dose  for  titration  at  1/3000  unit  can- 
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not  be  calculated  arithmetically  from  the  dose  for  1/300  unit,  but  is 
determined  in  rabbits,  since  the  experimental  dose  is  somewhat  greater 
than  one-tenth  that  for  titration  at  1/300  unit. 

TABLE  55 

Example  of  Titration  at  1/300  Unit  in  Volumes  of 
3  ml 
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1)  Test-tube  No.;  2)  serum;  3)  units/ml;  4)  serum  dilution;  5)  quan¬ 
tity  of  diluted  serum,  ml;  6)  quantity  of  Jensen's  buffer,  ml;  7) 
quantity  of  diluted  serum,  ml;  8)  reaction  diameter,  mm;  9)  calcula¬ 
tion  of  correction  factor;  10)  control  series;  11)  standard;  12)  test 
serum;  13)  assumed  titre;  14)  units. 


Accelerated  methods  for  bacteriological  diagnosis  of  diphtheria 

Preliminary  bacterloscopy .  Preliminary  bacterioscopy  of  smears  of 
material  taken  with  swabs  is  carried  out  only  when  requested  by  the 
physician  who  sent  the  material  for  examination.  Two  swabs  are  em¬ 
ployed  for  this  purpose,  one  being  used  for  culturing  and  the  other  for 
preparation  of  several  smears  for  bacterioscopy. 

Method  of  raising  diphtheria  bacilli  on  a  serum-impregnated  swab 
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(Polger,  1902;  Sole;  S.Ya.  Arkavln  and  S.Ya.  Dynlna,  1937;  et  al.). 
This  accelerated  method  makes  it  possible  to  establish  a  bacteriologi¬ 
cal  diagnosis  within  4  hr.  Anordinary  cotton  swab  is  immersed  in  heat¬ 
ed  undiluted  sterile  serum  (containing  no  antiseptics).  The  excess 
serum  is  pressed  out  against  the  wall  of  a  test-tube  and  the  remaining 
serum  is  then  coagulated  by  gentle  heating  over  a  burner  or  in  a  heat¬ 
er  at  80°  for  15  min.  The  mouth,  including  the  affected  area,  is  wiped 
with  the  serum- impregnated  swab,  which  is  then  placed  in  a  heater  at 
37°;  smears  are  prepared  from  it  after  3-4  hr  and  stained  in  the  usual 
manner.  There  have  been  reports  that  positive  results  can  be  obtained 
in  80*  of  all  cases  after  2  hr  of  incubation  and  in  95 %  of  all  cases 
after  4  hr. 

Preparation  of  serum- impregnated  swabs  (D.D.  Lebedev  and  A. I.  Ti¬ 
tova's  method): 

a)  an  ordinary  sterile  cotton  swab  on  a  wooden  stick  or  stainless- 
steel  wire  is  immersed  in  equine  or  bovine  serum  coagulated  to  a  Jelly- 
like  consistency  (by  preliminary  heating  in  a  water  bath  at  60-62°  for 
40-60  min); 

b)  the  swab  is  then  placed  in  a  sterile  test-tube,  on  the  bottom 
of  which  are  pieces  of  cotton  wetted  in  sterile  physiological  solution 
or  distilled  water  to  keep  the  serum-impregnated  swab  from  drying  out. 
The  prepared  swabs  are  again  placed  in  a  water  bath  at  85-90°  or  in  a 
Koch  apparatus  for  30  min  to  permit  final  coagulation  of  the  serum. 

This  procedure  (wetting  the  swab  in  semicoagulated  serum  and  then  per¬ 
mitting  it  to  coagulate)  is  repeated  3  times.  Swabs  prepared  by  this 
method  are  smooth  and  moist  and  remain  usable  for  more  than  2  weeks. 

In  taking  samples  with  such  swabs  care  must  be  exercised  that  the  en¬ 
tire  surface  of  the  cotton  is  covered  with  mucous.  The  principal  draw¬ 
back  of  this  method  is  the  fact  that  the  morphology  of  C.  diphtheriae 
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is  substantially  altered:  the  rods  become  shorter  and  often  lack  gran¬ 
ules  or  inclusions; 

c)  accelerated  diagnosis  with  potassium  tellurite  (Mannulo)  is 
based  on  the  ability  of  C.  dlphtheriae  to  reduce  potassium  tellurite: 
a  26  aqueous  solution  of  potassium  tellurite  is  smeared  over  the  af¬ 
fected  area  of  the  body  in  a  film.  If  diphtheria  bacilli  are  present 
at  the  surface  they  cause  the  film  to  turn  black  within  5-10  min.  When 
smearing  a  potassium  tellurite  film  in  the  mouth  care  must  be  taken 
that  it  does  not  come  into  contact  with  the  tongue. 

Proper  preparation  and  storage  of  both  the  potassium  tellurite  and 
the  2%  solution  are  extremely  important  in  obtaining  accurate  results 
with  the  tellurite  test. 

Nutritive  Media 

Klauberg's  medium.  A  total  of  3  ml  of  2 6  potassium  tellurite,  10 
ml  of  glycerine  mixture,  and  50  ml  of  laky  blood  are  added  to  100  ml  of 
melted  336  nutritive  agar  (or  7-5  g  of  dry  nutritive  agar  in  100  ml  of 
distilled  water) . 

Preparation  of  laky  blood:  16  ml  of  defibrinated  bovine  or  human 
blood  is  added  to  3**  ml  of  sterile  distilled  water. 

Preparation  of  glycerine  mixture:  20  ml  of  chemically  pure  sterile 
glycerine  is  added  to  40  ml  of  defibrinated  bovine  or  human  blood  or  dilu¬ 
ted  dried  blood.  The  mixture  is  stored  in  a  refrigerator  for  3-6  weeks. 

Blood-tellurite  agar.  A  total  of  5-106  of  defibrinated  human 
(donor  or  placental)  or  animal  (cattle,  sheep,  rabbit,  or  guinea  pig) 
blood  and  1  ml  of  26  potassium  tellurite  (K2TeO^)  are  added  to  100  ml 
of  2-36  meat-infusion  agar  (at  pH  7.6)  which  has  been  heated  and 
cooled  to  50°.  The  mixture  is  thoroughly  stirred  and  poured  into  dish¬ 
es.  Sterile  blood  clots  obtained  by  Wasserman's  or  Widal's  reaction  can 
be  used  for  preparing  blood  agar.  Two  or  3  such  clots  are  shaker,  with 
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3  ml  of  meat-infusion  broth  In  a  broad  test-tube.  The  resultant  sus¬ 
pension  Is  drawn  off  with  a  pipette  and  added  to  50  ml  of  meat-infu- 
slon  agar  (at  pH  7.6)  which  has  been  melted  and  cooled.  Dried  blood 
can  be  employed  Instead  of  fresh  blood. 

Dry  nutritive  agar  (5-7.5  g  of  dry  nutritive  agar  In  100  ml  of 
water)  can  be  substituted  for  the  meat-inf uslon  agar. 

Serum-tellurite  agar.  A  total  of  20  ml  of  equine  or  30  ml  of  bov¬ 
ine  serum  and  1  ml  of  2%  potassium  tellurite  are  added  to  80  ml  of  2% 
meat-infusion  agar  (at  pH  7.6)  which  has  been  melted  and  cooled  to  50°. 
The  medium  is  poured  into  sterile  Petri  dishes. 

Preparation  of  2%  potassium  tellurite:  Prepared  2%  potassium  tel¬ 
lurite  in  40*  glycerine  in  ampules  can  be  used  for  making  up  blood  or 
serum  agar;  this  solution  is  used  for  the  clinical  tellurite  test. 

When  commercial  potassium  tellurite  solution  is  not  available  it 
is  prepared  in  the  following  manner:  2  g  of  potassium  tellurite  is 
dissolved  in  100  ml  of  sterile  distilled  water.  Heating  the  tellurite 
■olution  to  above  50°  causes  the  compound  to  decompose.  Powdered  po¬ 
tassium  tellurite  must  be  stored  in  a  brown-glass  jar  with  a  ground 
stopper. 

Before  using  the  media  the  dishes  are  dried  in  a  heater  for  15-20 
min  and  then  inoculated.  Colonies  of  diphtheria  bacilli  grow  on  tel¬ 
lurite  media  within  24-48  hr  and  are  black  or  dark  gray  in  color,  as 
a  result  of  the  reduction  of  tellurium  salts  to  metallic  tellurium. 
After  24  hr  colonies  of  C.  diphtheriae  on  blood-tellurite  media  are 
0.5-2  mm  in  diameter,  convex,  and  slate  black.  Colonies  of  diphtheroid 
bar'  .11  are  identical  morphologically  to  those  of  C.  diphtheriae.  Col¬ 
onies  of  pseudodiphtheria  bacilli  are  gray,  lustrous,  convex,  and  con¬ 
ical.  Staphylococci  grow  in  moist  black  lustrous  colonies. 

After  24  hr  colonies  of  C.  diphtheriae  on  serum-tellurite  agar 
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are  light  gray,  with  small,  black,  slightly  raised  centers.  Colonies 
of  pueudodiphtheria  bacilli  are  light-colored,  with  brownish  centers. 
Colonies  of  diphtheroid  bacilli  are  identical  to  those  of  C.  diphther- 
iae.  Colonies  of  Staphylococci  are  black  and  lustrous,  with  a  white 
margin. 

Medium  for  determination  of  Corlnebacterlum  cystlnase  (Plsou's 
test) .  A  total  of  2  ml  of  cystine  solution  (lit  cystine  is  carefully 
mixed  into  O.lit  sodium  hydroxide  and  an  equal  volume  of  O.lit  sulfuric 
acid  is  added)  is  added  to  90  ml  of  melted  2il  meat-infusion  agar  at 
pH  7.6.  The  medium  is  sterilized  at  112°  for  30  min.  It  is  then  melted 
and  cooled  to  50f  ,  1  ml  of  10)t  lead  acetate  (twice  sterilized  in  live 
steam)  is  added,  the  two  are  stirred,  and  9  ml  of  normal  equine  serum 
is  added.  Portions  of  2  ml  of  the  medium  are  poured  into  small  test- 
tubes  under  sterile  conditions.  Cultures  are  made  by  the  stab  method. 

Determination  of  urease  for  identification  of  pseudodiphtheria 
bacilli  and  certain  diphtheroid  bacilli. 

Preparation  of  urea-containing  broth.  A  total  of  1  g  of  urea  and 
0.2  g  of  cresol  red  (1.6$  alcoholic  solution)  are  added  to  100  ml  of 
meat-infusion  or  Hottinger's  broth  (the  pH  must  be  precisely  7.0). 
Portions  of  2-3  ml  of  the  mixture  are  poured  into  sterile  test-tubes 
and  sterilized  in  live  steam  for  10  min.  The  results  are  evaluated  20- 
24  hr  after  inoculation.  If  the  medium  becomes  red  the  strain  under  in¬ 
vestigation  contains  urease. 

Preparation  of  reagents  for  determination  of  urease  by  Saks's 
method. 

Reagent  A: 

Urea  -  2  g 

96°  ethyl  alcohol  -  2  ml 

Distilled  water  -  4  ml 
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Reagent  B: 

0.2 t  phenol  red  -  1  ml 

Monosubatituted  potassium  phosphate  (KI^PO^)  -  0.1  g 

Dlaubstltuted  potassium  phosphate  (K  HPO  )  -  0.1  g 

2  4 

Distilled  water  -  100  ml 

Sodium  chloride  -  0.5  g 

Reagent  A  is  stored  unsterilized  at  4-10°.  Reagent  B  is  steri¬ 
lized  in  an  autoclave  in  live  steam.  The  two  reagents  are  mixed  ex 
tempore,  taking  one  part  of  solution  A  to  19  parts  of  solution  B;  0.1 
ml  portions  of  the  mixture  are  poured  into  slender  test-tubes,  which 
are  then  placed  in  a  heater  for  30  min.  When  the  reaction  is  positive, 
iv«.,  when  the  bacteria  contain  urease,  the  mixture  turns  red.  There 
is  no  change  in  color  when  the  reaction  is  negative. 

Medium  for  determination  of  toxlgenlclty 1  Preparation  of  nutritive 
agar:  aqueous  agar  is  melted,  mixed  half  and  half  with  Martin's  broth, 
poured  into  sterile  test-tubes  in  10  ml  portions,  and  sterilized  in 
live  steam  for  30  min. 

Preparation  of  cresol-red  paper:  0.1  g  of  cresol  red  is  dissolved 
in  100  ml  of  51  alcohol  and  left  to  stand  at  37°  or  24  hr,  shaking  the 
solution  frequently.  On  the  following  day  strips  of  filter  paper  are 
wetted  with  the  solution  and  quickly  dried.  The  paper  becomes  bright 
yellow  in  color,  turning  various  shades  of  red  in  alkaline  media. 

Before  being  poured  into  Petri  dishes  the  nutritive  agar  in  each 
tube  is  melted  and  cooled  to  50°  and  2  ml  of  normal  equine  serum  or 
3  ml  of  native  bovine  serum  is  added. 

WHOOPING  COUGH 
Prof.  M.S,  Zakharova 

The  causative  agent  of  whooping  cough,  Bordetella  pertussis  (He¬ 


mophilus  pertussis),  was  isolated  from  the  sputum  of  a  child  suffering 
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from  this  disease  by  Bordet  and  Oengou  in  1906.  In  1937  Eldering  and 
Kendrick  isolated  a  bacterium  from  whooping-cough  patients  which  was 
similar  but  not  identical  to  B.  pertussis;  they  named  this  organism 
B.  parapertussis. 

Morphology  of  B.  pertussis 

These  bacteria  are  short,  ovoid  gram-negative  rods  0.2  x  0.4-1. 2 
microns  in  size  (Pig.  75)*  Bipolarly  located  metachromatic  granules 
are  detected  on  staining  with  toluidine  blue.  B.  pertussis  also  exhi- 
bits  a  capsule.  >. 

Biology  of  B.  pertussis;  cultural  characteristics 

Freshly  isolated  virulent  cultures  of  B.  pertussis,  which  are 
S-form  or  phase  I  in  Leslie  and  Gardner's  classification,  grow  only  on 
a  nutritive  medium  consisting  of  potato-glycerine  agar  to  which  blood 
has  been  added  (Bordet-Gengou's  medium)  or  a  semisynthetic  medium 
based  on  an  amino-acid  complex  in  the  form  of  casein  or  bean  hydroly- 
zate.  Colonies  of  B.  pertussis  on  Bordet-Gengou's  medium  are  smooth, 
lustrous,  clear,  dome-shaped,  pearly  or  mercurous  in  color,  and  ap¬ 
proximately  1  mm  in  diameter.  Colonies  of  B.  parapertussis  are  very 
similar  in  appearance  to  those  of  B.  pertussis,  but  are  larger  and 
appear  sooner. 

Atypical  variants  of  B.  pertussis  grow  on  ordinary  nutritive 
media,  as  do  B.  parapertussis  and  B.  bronchiseptica. 

Colonies  of  B.  pertussis  on  a  semisynthetic  medium,  such  as  cas¬ 
ein-carbon  agar  (KUA  medium),  are  small  (0.5-1  mm  in  jiameter) ,  con¬ 
vex,  distinct  in  outline,  lustrous,  smooth,  grayish-cream  in  color, 
and  viscous  in  consistency  (Pig.  76). 

Colonies  of  B.  pertussis  and  B.  parapertussis  on  Bordet-Gengou's 
medium  are  surrounded  by  a  characteristic  zone  of  hemolysis  (this 
zone  is  not  clearly  delimited  and  extends  diffusely  into  the  surround- 

v 
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Pig.  75.  B.  pertussis.  Day-old  culture 
on  KUA  medium.  1500  x. 


Pig.  76.  B.  pertussis  colonies 
on  KUA  medium. 

ing  medium;  Pig.  77). 

B.  pertussis  does  not  ferment  sugars,  produce  indol,  reduce  ni¬ 
trates,  or  utilize  citrates.  Up  to  70%  of  the  strains  of  this  bacterium 
are  catalase-positive,  while  all  B.  parapertussis  are  catalase-posi¬ 
tive.  In  litmus  milk  B.  parapertussis  causes  alkalization  only  after 
10-14  days,  while  B.  parapertussis  requires  1-4  days. 
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B.  pertussis  is  a  facultative  anaerobe  and  has  an  optimum  cultur 
ing  temperature  of  35-36°. 


Pig.  77.  B.  pertussis  colonies 
on  Bordet-Gengou's  medium. 


TABLE  56 

Differential  Characteristics  of  Species  of  the  Gen¬ 
era  Bordetella  and  Haemophilus 


1)  Characteristic;  2)  species  of  bacterium;  3)  growth  on  simple  agar; 
4)  formation  of  brownish  pigment  (KUA  medium);  5)  urease  formation;  6) 
citrate  utilization;  7)  hemolysis;  8)  mobility;  9)  reduction  of  ci¬ 
trates;  10)  requires  x  and  v  factors  of  blood;  11)  requires  thiamine; 
12)  litmus  milk  (coagulation);  13)  capsule;  14)  Dold's  test;  15)  ag- 
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glutination  with  sera;  16)  necrosis;  17)  slow;  18)  infiltration,  eru- 

bescence. 


Differential  characteristics  of  B.  pertussis,  B.  parapertussis, 
and  B.  bronchiseptica.  The  principal  differential  characteristics  for 
these  bacteria  are  serological  (agglutination  reaction)  and  biochemi¬ 
cal. 


Since  an  agglutinative  cross-reaction  may  take  place  at  a  rela¬ 
tively  high  titre,  especially  when  it  is  set  up  on  slides,  it  is  de¬ 
sirable  to  use  species-specific  adsorbed  antisera  or  ordinary  serum 
diluted  beyond  the  limit  for  the  cross-reaction. 

Table  56  shows  the  basic  characteristics  which  permit  differen¬ 
tiation  of  the  3  species  of  Bordetella,  as  well  as  of  the  members  of 


the  genus  Haemophilus,  which  previously  included  the  Bordetella. 

The  principal  traits  which  permit  differentiation  of  B.  pertussis 
and  B.  parapertussis  cultures  are  as  follows:  B.  parapertussis  will 
grow  when  first  cultured  on  simple  agar  (without  blood),  casein-car- 
oon  agar,  meat-infusion  agar  (especially  with  tyrosine  added),  and 
pieces  of  potato,  forming  a  brownish  pigment;  it  decomposes  urea  (as 
a  result  of  the  presence  of  urease;  see  below)  and  utilizes  citrates. 
B.  pertussis  does  not  usually  grow  on  simple  agar  (growth  is  noted  on¬ 
ly  when  the  culture  dissociates),  forms  no  pigment,  and  does  not  de¬ 
compose  urea.  | 

B.  parapertussis  cultures  agglutinate  to  approximately  1/10  of 
titre  with  B.  pertussis  antiserum. 

Urease  test.  The  urease  test  is  employed  to  differentiate  B.  per¬ 
tussis  from  B.  parapertussis. 

Reagents:  2i  aqueous  urea  (stored  for  no  more  than  2  weeks)  and 
0.1*  alcoholic  phenolphthalein. 

Procedure  for  reaction:  0.3  ml  of  the  urea  solution  and  0.3  ml  of 
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a  suspension  of  the  culture  to  be  tested  are  poured  into  a  test-tube. 
The  suspension  should  have  a  density  of  no  less  than  10  billion  cells 
per  ml;  the  denser  the  suspension,  the  more  rapidly  the  reaction  pro¬ 
ceeds.  The  culture  can  also  be  added  with  a  loop. 

To  this  mixture  is  added  2-3  drops  of  phenolphthalein  and  the 
test-tube  is  shaken  and  placed  in  a  heater.  The  reaction  (a  color 
change)  may  take  place  within  15-20  min.  The  final  result  is  evaluated 
after  2  hr. 

A  positive  reaction  (obtained  when  the  liquid  turns  a  rasberry 
red)  is  characteristic  of  cultures  of  B.  parapertussis. 

Resistance  to  physical  and  chemical  agents 

B.  pertussis  is  an  obligatlve  parasite  and  can  survive  for  only 
a  very  short  period  outside  the  human  body.  It  remains  viable  in  dry 
sputum  for  several  hours,  but  dies  within  30  min  at  a  temperature  of 
50-55°.  It  is  very  sensitive  to  ultraviolet  light  and  chemical  anti¬ 
septics.  Both  B.  pertussis  and  (to  a  lesser  extent)  B.  parapertussis 
are  sensitive  to  antibiotics,  the  most  effective  of  which  are  poly- 
mixin,  terramycln,  levomycetin,  biomycin,  and  streptomycin. 

Antigenic  structure 

The  various  B.  pertussis  are  identical  in  antigenic  properties, 
but  differ  in  the  complexity  of  their  antigenic  structure.  As  many  as 
12  antigenic  components  can  be  isolated  from  phase  I  strains  of  B. 
pertussis. 

B.  pertussis  has  both  specific  antigens  and  antigens  in  common 
with  B.  parapertussis  and  B.  bronchiseptica,  the  latter  being  shared 
with  either  both  species  or  only  one  of  them. 

When  the  Investigator  has  available  a  predetermined  set  of 
strains  it  is  possible  to  obtain  species-specific  sera  by  sequential 
adsorption,  which  is  very  important,  in  the  differential  diagnosis  of 
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these  bacteria. 

Individual  fractions  with  immunogenic  properties  (agglutinogens, 
hemagglutinins,  histamine-sensitizing  factors,  and  protective  anti¬ 
gens)  have  been  isolated  from  B.  pertussis. 

Pathogenicity,  virulence,  and  toxin  foimatlon 

Only  humans  are  susceptible  to  whooping  cough  under  natural  con¬ 
ditions.  A  disease  symptomatically  quite  similar  to  whooping  cough 
has  been  Induced  in  monkeys  under  experimental  conditions  by  inoculat¬ 
ing  them  nasally  or  intratracheally  with  a  culture  of  B.  pertussis. 

It  has  proved  possible  to  induce  prolonged  coughing  in  puppies  by  Ino¬ 
culation  with  B.  pertussis.  Mice  develop  pneumonia  after  nasal  admin¬ 
istration  of  a  culture  of  this  bacterium  and  encephalitis  after  in¬ 
tracerebral  administration.  Chick  embryos,  rats,  and  guinea  pigs  die 
of  Intoxication  after  intraperitoneal  injection  of  a  culture. 

Intracutaneous  administration  of  a  culture  of  B.  pertussis  to 
rabbits  or  guinea  pigs  causes  development  of  necrosis  as  a  result  of 
tne  liberation  of  the  toxic  compounds  of  the  bacteria  as  they  are 
broken  down.  This  reaction  is  characteristic  of  B.  pertussis  and  B. 
parapertussis  and  distinguishes  them  from  members  of  the  genus  Hae¬ 
mophilus  (H.  influenzae),  which  cause  only  erubescence  and  an  infil¬ 
tration,  even  when  Injected  in  large  doses. 

Laboratory  Diagnosis  of  Whooping  Cough 
Material  for  examination 

B.  pertussis  reproduces  in  the  mucosae  of  the  respiratory  tract. 
It  can  be  detected  (by  culturing)  in  material  excreted  from  the  res¬ 
piratory  tract  during  all  phases  of  the  disease,  but  is  most  frequent¬ 
ly  Isolated  during  the  early  period.  During  the  catarrhal  stage  and 
the  first  few  dayB  of  the  spastic  stage  It  can  be  isolated  in  40-100# 
of  all  cases  with  a  typical  or  latent  course. 
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Fig.  78.  Nasopharyngeal  swab. 


Culture  material  can  be  obtained  in  two  ways:  by  the  "cough- plate” 
method  and  by  collecting  it  with  a  nasopharyngeal  swab.  The  latter  pro¬ 
cedure  is  employed  for  nursing  infants. 

Cough  plates :  As  soon  as  a  coughing  fit  develops  an  open  dish 
containing  nutritive  medium  is  placed  8-10  cm  from  the  child's  mouth 
and  held  there  for  several  seconds  (6-8  coughs).  It  is  desirable  to 
inoculate  two  dishes.  When  the  coughing  spasm  is  brief  the  procedure 
must  be  repeated  with  the  same  dish.  Artificial  initiation  of  coughing 
is  not  recommended.  In  using  this  method  the  investigator  should  not 
breathe  on  the  open  dish  and  the  lid  is  held  with  its  inner  surface 
down  (to  avoid  contamination  with  air-borne  bacteria),  taking  care  not 
to  touch  this  surface  with  the  fingers. 

The  dish  is  covered  as  quickly  as  possible  after  the  material  has 
been  collected,  in  order  to  avoid  contamination,  and  immediately  placed 
in  an  incubator.  If  the  material  is  not  taken  at  the  laboratory  and 
the  dishes  must  be  shipped  this  should  be  done  as  rapidly  as  possible, 
wrapping  them  in  cotton  when  the  weather  is  cold;  a  hot-water  bottle 
can  be  packed  in  the  box  with  the  dishes.  If  it  is  impossible  to  ship 
the  dishes  immediately  they  must  be  kept  in  a  cold  place  (at  a  tempera- 
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ture  of  no  more  than  36*). 

Cultures  from  nasopharyngeal  swabs.  The  swab  Is  a  small  piece  of 
gauze  or  cotton  fastened  tightly  to  the  end  of  a  fine  flexible  wire 
(nichrome  wire  is  quite  suitable;  Fig.  78). 

Before  sterilization  the  swab  is  carefully  checked  (it  should  be 
smooth  and  present  no  danger  to  the  patient)  and  placed  in  a  stoppered 
test-tube.  The  sterilized  swab  is  removed  from  the  tube  and  carefully 
inserted  into  the  child's  nostril  (immobilizing  its  head  in  the  hands 
of  an  assistant)  until  the  posterior  wall  of  the  pharynx  is  reached, 
whence  a  bit  of  mucous  is  taken.  When  this  procedure  causes  frequent 
coughing  leaving  the  swab  in  place  for  a  short  time  during  a  coughing 
fit  increases  the  chances  of  obtaining  a  positive  result.  Children 
withstand  this  operation  quite  well.  Taking  material  through  the  mouth 
with  a  swab,  using  a  tongue  depressor,  is  more  complex  and  detrimental 
to  the  child,  having  no  advantages  over  use  of  a  nasopharyngeal  swab. 

The  swab  is  removed  from  the  nostril  and  immediately  used  to  ino¬ 
culate  a  dish  containing  nutritive  medium.  The  culture  material,  ap¬ 
plied  to  the  surface  of  the  medium  with  the  swab,  is  thoroughly  rubbed 
over  the  entire  dish  with  a  glass  spatula  or  platinum  loop.  The  3ame 
spatula  is  employed  to  inoculate  a  second  dish. 

The  cultures  should  be  made  within  1-2  hr  after  the  material  is 
taken.  Shipment  of  the  swabs  over  long  distances  is  not  recommended, 
since  they  rapidly  dry  out. 

Bacteriological  investigation 

The  inoculated  dishes,  which  are  wrapped  in  paper  and  placed  in  a 
box  or  case  together  with  a  small  vessel  containing  water  to  keep  them 
from  drying  out,  are  incubated  in  a  heater  at  35°;  the  dishes  are  in¬ 
cubated  for  48  hr  and  inspected  several  times  during  this  period  to 
permit  detection  of  molds  and  other  bacteria,  especially  those  which 
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produce  a  creeping  growth.  Those  portions  of  the  agar  overgrown  with 
such  microorganisms  are  cut  away  with  a  sterile  scalpel  or  needle. 

After  incubation  for  48  hr  the  dishes  are  checked  for  B.  pertussis 
daily  for  5  days,  using  a  magnifying  glass  or  a  binocular  microscope. 

Colonies  of  B.  pertussis  usually  appear  on  casein-carbon  agar 
(see  page  733)  or  Bordet-Gengou's  medium  (page  734)  within  70-80  hr. 
Colonies  on  casein-carbon  agar  are  smooth,  0.5-1  mm  in  diameter,  con¬ 
vex,  distinct  in  outline,  lustrous,  smooth,  grayish-cream  in  color, 
and  viscous  in  consistency,  like  thick  sour  cream;  they  are  easily  re¬ 
moved  from  the  surface  of  the  nutritive  medium  with  a  loop  and  can  be 
rather  easily  suspended  in  physiological  solution. 

Colonies  of  B.  parapertussis  are  very  similar  in  appearance  to 
those  of  B.  pertussis,  but  are  larger  and  appear  within  24  hr. 

Colonies  of  B.  pertussis  on  Bordet-Gengou's  medium  are  smooth, 
raised,  lustrous,  have  a  mother-of-pearl  tint,  and  are  almost  transpar¬ 
ent  and  no  more  than  1  mm  in  diameter.  Colonies  of  gram-positive  cocci 
on  this  medium  are  usually  dull,  dark  in  color,  and  more  opaque.  Colon¬ 
ies  of  B.  pertussis  are  surrounded  by  a  characteristic  zone  of  hemoly¬ 
sis. 

When  the  colonies  are  removed  with  a  loop  and  suspended  in  physio¬ 
logical  solution  they  form  flakes,  which  rapidly  break  up  to  form  a 
homogeneous  suspension  when  the  tube  is  shaken. 

Smears  are  prepared  from  suspicious  colonies  for  Gram-staining 
and  the  remainder  of  the  material  (or  separate  colonies  when  there  is 
a  considerable  number  on  the  dish)  is  used  for  an  agglutination  reac¬ 
tion  on  slides  with  antipertussis  serum. 

B.  pertussis  is  easily  decolorized  when  Gram-stained,  Microscopic 
examination  of  the  smears  reveals  small,  weakly  stained  coccoid  bacilli 
uniformly  scattered  over  the  entire  field  of  view,  for  the  most  part  as 


Isolated  cells,  rarely  ac  pairs,  and  sometimes  as  short  chains.  They 
often  stain  blpolarly.  B.  parapertussis  are  gram-negative  bacteria 
which  are  ovoid  in  shape  or  take  the  form  of  short  rods;  they  are  some¬ 
times  somewhat  larger  than  B.  pertussis  and  are  frequently  polymorphous. 
The  two  species  are  usually  morphologically  indistinguishable  when 
first  isolated. 

When  strains  are  stored  on  an  artificial  nutritive  medium  for  an 
extended  period  the  colonies  change  from  the  smooth  to  the  rough  form 
and  pronounced  polymorphism  (formation  of  filaments  and  larger  cells) 
is  observed. 

Immune  antibacterial  antipertussis  serum  (phase  I)  diluted  to  ap¬ 
proximately  1/100  of  tltre  is  used  for  agglutination.  For  example,  if 
the  serum  has  a  titre  of  l/l6000,  it  must  be  diluted  to  1:160. 

A  total  of  2  drops,  one  of  physiological  solution  and  one  of  ag¬ 
glutinative  serum,  are  applied  to  a  slide.  A  colony  is  removed  from  the 
medium  with  a  loop  and  suspended  in  physiological  solution;  several 
d  ops  of  this  suspension  are  then  mixed  with  serum.  B.  pertussis  agglu¬ 
tinates  rather  rapidly,  agglutination  taking  place  within  5-10  min  in 
very  rare  cases.  When  the  drops  on  the  slide  have  dried  they  can  be 
stained  and  examined  microscopically  in  place  of  specially  prepared 
smears. 

If  the  suspected  colonies  on  the  dishes  are  very  small  or  Isolated 
and  an  agglutination  reaction  cannot  be  set  up  they  must  be  transplanted 
to  casein-carbon  agar  or  Bor-1  *--Gengou's  medium  in  a  test-tube  or  on  a 
sector  of  a  dish  and  the  cuj.v-.js  then  examined  after  24-48  hr. 

Results  of  bacteriological  investigation.  A  positive  report  is 
made  if  colonies  of  bacteria  which  correspond  morphologically  and  cul¬ 
turally  to  B.  pertussis  and  are  agglutinated  by  specific  (antipertussis) 
serum  appear  on  the  uishes. 


A  negative  report  is  made  if  no  colonies  corresponding  to  the  genus 
Bordetella  are  found  on  the  dishes  after  4-5  days.  It  is  recommended 
that  the  analysis  be  repeated  in  such  cases  (especially  when  clinical 
and  epidemiological  indications  are  present). 

If  the  dishes  contain  only  a  very  sparse  growth  or  are  solidly 
overgrown  with  extraneous  bacteria  the  report  is  formulated  as  "B.  pei>- 
tussis  not  detected."  The  reason  for  the  report  is  indicated  and  it  is 
recommended  that  the  Investigation  be  repeated.  It  should  be  kept  in 
mind  that  when  the  material  has  been  correctly  taken  and  cultured  on  a 
nutritive  medium  of  suitable  quality  B.  pertussis  can  be  isolated  dur¬ 
ing  the  catarrhal  period  in  80-100#  of  ail  cases. 

Identification  of  pure  cultures.  The  procedures  for  identifying 
B.  pertussis  are  based  on  the  morphological,  biochemical,  serological, 
toxic,  and  pathogenic  properties  of  the  cultures  isolated. 

In  order  to  preserve  cultures  they  must  be  regularly  recultured  on 
casein-carbon  agar  or  Bordet-Gengou's  medium.  This  should  be  done  no 
less  than  every  7-10  days.  Dried  culture'  retain  their  principal  bio¬ 
logical  properties  for  more  than  2  years.  Drying  Is  carried  out  by 
freezing  In  the  presence  of  stabilizers  (serum,  skimmed  milk,  10#  su¬ 
crose  in  1#  gelatin,  etc.). 

Freshly  Isolated  strains  and  strains  properly  stored  in  the  lab- 
orator’*  are  serologically  identical.  Changes  in  basic  biological  pro¬ 
perties  (morphological,  cultural,  serological,  antigenic,  and  immuno¬ 
genic)  are  observed  within  a  very  short  time  on  prolonged  culturing  in 
artificial  nutritive  media  or  in  complete  media,  i.e.,  those  which  do 
not  satisfy  growth  requirements.  This  phenomenon  is  to  some  extent  an¬ 
alogous  to  the  transition  from  the  S  to  the  R  form  in  other  species  of 
bacteria,  although  the  morphological  changes  in  colony  structure  are 
less  pronounced  than  in  other  species. 
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Fig.  79.  Accelerated  agglutination  on 
a  plate. 

Bordet  and  Schleswick  described  the  serological  types  of  B.  per¬ 
tussis  as  I  (freshly  isolated  cultures,  smooth  form)  and  II  (rough 
form). 

Leslie  and  Gardner  distinguish  4  phases  characterized  by  definite 
morphological  and  serological  properties.  Phase  I  is  the  virulent  S 
form  and  is  the  most  complete  antigenically  and  immunogenically,  phase 
IV  is  nonvirulent  and  corresponds  to  the  R  form,  and  phases  II  and  III 
are  inteiroediate  phases,  or  serological  variants.  Strains  of  B.  pertus¬ 
sis  isolated  from  the  body  are  most  frequently  In  the  smooth  S  foim 
(Leslie  and  Gardner's  phase  I),  thus  differing  sharply  from  H.  influen¬ 
zae.  In  addition  to  phase  I,  however,  phase  I  and  an  inteiroediate  phase, 
an  inteiroediate  phase  alone,  or  phase  III  and  an  intermediate  phase 
may  be  isolated  In  examining  pertussis  patients  during  different  per¬ 
iods  of  the  disease  (Kasuga,  1956).  An  intermediate  phase  (Leslie  and 
Gardner's  phases  II  and  III)  is  most  frequently  encountered  during  the 
later  stage  of  the  illness.  According  to  the  data  of  Leslie  and  Gardner, 
of  20  freshly  isolated  strains  18  were  phases  I  and  II  and  strains  in¬ 
termediate  between  phases  I  and  II.  Many  authors  (Kendrick,  Leslie  and 
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Gardner,  et  al. )  have  written  that  it  is  principally  strains  of  Leslie 
and  Gardner's  phase  I  which  are  isolated  from  patients,  dissociated 
variants  being  formed  only  as  a  result  of  culturing  under  laboratory 
conditions.  The  aforementioned  data  should  be  used  as  a  basis  for  diag¬ 
nostic  work,  cone,  .ing  that  B.  pertussis  has  been  isolated  only  when 
bacteria  with  the  basic  characteristics  of  phase  I  have  been  Isolated. 
According  to  Lawson's  data,  the  anooth  form  (phase  I)  appears  as  small, 
gram-negative,  monomorphic  coccoid  bacilli  0.2-0. 3  microns  wide  and 
0.4-1. 2  microns  long;  they  are  occasionally  arrayed  in  pairs,  are  im¬ 
mobile,  and  have  a  capsule.  Colonies  on  Bordet-Gengou's  medium  are 
lustrous,  pearly  gray  ?n  color,  convex,  and  0.25-1  mm  in  diameter. 

Phase  I  B.  pertussis  do  not  grow  on  chocolate,  blood,  or  ascitic  agar 
or  Loeffler's  medium,  do  not  form  indol  in  peptone  water,  and  do  not 
ferment  carbohydrates.  The  cataphoretic  rate  varies  from  1.2  to  2.2  mi¬ 
crons  per  sec  at  1  volt/cm.  Phase  I  B.  pertussis  are  agglutinated  by 
phase  I  serum  to  titre;  intracutaneous  administration  to  rabbits  causes 
necrosis,  while  intraperitoneal  administration  to  animals  (rabbits, 
guinea  pigs,  or  mice)  causes  death.  Intratracheal,  intranasal,  or  intra- 
laryngeal  administration  to  mice  produces  lethal  pneumonia  accompanied 
by  bacteriemia. 

Skin  test  on  rabbits.  A  bacterial  suspension  of  5-10  billion  cells 
per  ml  in  physiological  solution  (prepared  from  a  2-day  culture  raised 
on  casein-carbon  agar  or  Bordet-Gengou's  medium)  is  used  for  the  skin 
test.  It  is  administered  intracutaneous ly  in  a  dose  of  0.2  ml  to  a 
rabbit  (albino  or  gray  with  a  white  undercoat  or  a  thoroughly  clipped 
or  shaved  guinea  pig). 

A  necrotic  area  1-2  cm  in  diameter  should  be  formed  at  the  center 
of  the  injection  site  within  48-72  hr  (Fig.  80). 
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Serological  Investigation 

Serological  reactions  (the  agglutination,  complement-fixation,  and 
opsonophagocytic  reactions)  to  some  extent  aid  in  confirming  the  diag¬ 
nosis  in  pertussis  with  an  atypical  course  (antibodies  appear  in  low 
titres  during  the  2nd -3rd  week  of  illness)  and  in  establishing  a  retro¬ 
spective  diagnosis.  These  serological  indices  are  of  very  limited  value 
when  mass  immunization  against  whooping  cough  has  been  carried  out. 

Blood  is  taken  for  examination  (with  a  Pasteur  pipette)  from  a 
finger,  drawing  a  total  of  0.8-1  ml  and  observing  the  usual  rules  of 
asepsis. 

For  the  complement-fixation  reaction  the  serum  is  heated  for  30 
min  at  56°  (an  agglutination  reaction  can  also  be  set  up  with  the  heat¬ 
ed  serum). 

Agglutination  reaction.  The  agglutination  reaction  is  set  up  with 
a  2-day  culture  raised  on  casein-carbon  agar  or  on  Bordet-Gengou ' 3  me¬ 
dium.  The  density  of  the  suspension  should  be  adjusted  to  1  billion 
cells  per  ml  by  comparison  with  a  glass  pertussis  standard.  The  serum 
Is  diluted  to  titrej  the  appropriate  serum  dilution  and  the  bacterial 
suspension  are  mixed  in  equal  volumes  and  the  mixture  is  thoroughly 
shaken  and  incubated  at  35-37°  for  2  hr;  it  is  then  left  to  stand  over¬ 
night  in  a  refrigerator  or  at  room  temperature. 

The  results  are  evaluated  after  24  hr,  designating  the  intensity 
of  the  reaction  by  plusses  (++++,  +++,  ++,  +).  The  serum  titre  is  as¬ 
sumed  to  be  twice  the  last  dilution  yielding  ++  agglutination. 

Accelerated  agglutination  is  the  most  convenient  method,  especial¬ 
ly  for  determining  agglutinins  in  the  serum  of  inoculated  children. 

Special  slides  with  wells  (15  mm  in  diameter  and  1.5  nun  deep)  or 
polysterol  plates  (produced  by  the  "Estonplast"  plant,  Tyori  Street, 
Tallin)  are  used  for  this  purpose.  The  antigen  and  serum  are  poured 
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out  In  one-drop  portions  and  a  bacterial  suspension  with  an  approximate 
density  of  20-30  billion  cello  per  ml  Is  prepared.  A  control  consisting 
of  the  culture  and  physiological  solution  is  simultaneously  set  up  (to 
confirm  the  absence  of  spontaneous  agglutination).  In  setting  up  the 
reaction  the  wells  should  be  covered  with  cover  slips.  The  wells  in  a 
polysterol  plate  are  far  deeper  and  cannot  be  covered  (Fig.  79). 

In  order  to  accelerate  the  reaction  the  plate  or  slide  is  shaken 
or  rotated  on  a  special  device  (rotators  or  shuttle  apparatuses  of 
various  types)  at  a  varying  amplitude  and  frequency  (from  40  to  200-280 
cpm,  with  an  amplitude  cf  approximately  1.8  cm).  The  agitation  time 
varies  from  4-5  to  15  min,  depending  on  conditions.  When  no  agitation 
device  is  available  this  operation  is  carried  out  manually. 


Fig.  80.  Skin  reaction  In  a  rabbit, 
necrosis . 
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After  agitation  the  plate  is  transferred  to  a  heater  for  1  hr  or 
left  to  stand  for  the  same  period  at  room  temperature  and  is  then  eval¬ 
uated  in  the  usual  manner.  The  results  obtained  by  the  accelerated 
method  should  be  Identical  to  those  obtained  by  the  test-tube  method. 

In  addition  to  live  cultures,  diagnostic  serum  (a  suspension  of 
bacteria  killed  by  exposure  to  merthiolate  in  a  concentration  of 
1:10,000  for  8-10  days,  with  a  density  of  20-30  billion  cells  per  ml) 
can  be  used  as  the  antigen. 

Methylene  blue  is  added  to  the  bacterial  suspension  to  furnish 
contrast  for  the  reaction.  The  diagnostic  serum  is  usable  for  2  years 
after  preparation. 

In  setting  up  the  agglutination  reaction  with  the  test  serum  (es¬ 
pecially  with  diagnostic  serum)  a  control  (serum  known  to  be  positive) 
must  be  included  in  each  experiment. 

Production  of  agglutinative  serum.  Rabbits  are  Immunized  in  ac¬ 
cordance  with  the  following  scheme  to  obtain  agglutinative  serum. 

Cycle  I:  5  billion  B.  pertussis  killed  with  merthiolate  (merthio¬ 
late  concentration  in  suspension  -  1:10,000,  exposure  time  -  7-10  days) 
or  formalin  (concentration  -  0.1#,  exposure  time  -  22-24  hr)  subcutan¬ 
eously. 

2nd  and  3rd  injections  —  5  billion  cells  of  live  culture  intra¬ 
venously. 

4th  and  5th  Injections  —  10  billion  cells  of  live  culture  intra¬ 
venously. 

Cycle  II  -  10  days  after  cycle  I:  1st  and  2nd  injections  -  10  bil¬ 
lion  cells  of  live  culture  intravenously. 

The  intervals  between  Injections  are  4-7  days.  The  animal  is  bled 
6-7  days  after  the  last  injection.  The  titre  is  usually  about  1:50,000 
with  this  immunization  scheme.  Antiserum  to  B.  pertussis  phase  I  gen- 
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erally  agglutinates  B.  parapertussis  to  1/10  of  tltre. 

A  killed  bacterial  suspension  can  also  be  employed  for  all  the  In¬ 
jections. 

Nutritive  Media 

Casein-carbon  agar,  a  semlsynthetlc  nutritive  medium  which  does 
not  contain  blood,  is  recommended  for  cultures.  This  medium  and  Bordet- 
Gengou's  medium  yield  equally  good  results  In  Isolating  B.  pertussis 
from  patients,  but  the  former  is  advantageous  for  its  simpler  method 
of  preparation. 

Bordet-Gengou's  medium  milk-blood  agar,  caseln-hydrolyzate  blood 
agar,  Bordet-Gengou's  medium  containing  diamidine  compounds,  etc.,  re¬ 
quire  addition  of  blood  and  are  consequently  Inconvenient  for  wide  use 
and  have  no  advantages  over  casein-carbon  agar. 

A.  Casein-carbon  agar.  Preparation  of  casein  hydrolyzate.  The  fol¬ 
lowing  ingredients  are  recommended  for  preparation  of  casein  hydroly¬ 
zate:  a)  high-grade  or  first-grade  technical  ascitic  casein  (State 
Standard  No.  1211-41),  ascitic  nutritive  casein  (TU-153-54;  fat  content 
no  greater  than  1.5-2#),  and  casein  acetate  of  the  Hammersteln  type 
produced  by  the  "Molochnoye"  Plant  of  the  Velogda  Milk  Institute;  b) 
type  A)  purified  activated  wood  charcoal  (State  Standard  No.  4453-48) ; 

c)  chemically  pure  hodrochloric  acid  with  a  specific  gravity 

••  I 

of  1.19»  Before  hydrolysis  tbe  casein  (of  the  first  two  types)  is 
washed  in  the  following  manner:  one  part  of  casein  is  mixed  with  eight 
parts  of  0.2#  acetic  acid.  The  solution  is  changed  3  times  during 
the  first  day  and  twice  daily  for  the  next  2-3  days.  The  casein  is  then 
washed  with  distilled  water  in  a  metal  sieve  covered  with  gauze  and 
adjusted  to  pH  6.0  (until  a  yellow  tinge  is  obtained  with  gamma-dlni- 
trophenol  or  a  blue  tinge  with  bromcresol  green).  The  washed  casein 
is  left  on  the  gauze  for  2-3  hr  (until  no  more  water  runs  off).  It  can 
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then  be  used  to  prepare  hydrolyzate  or  is  dried  at  60-70*,  in  which 
form  it  can  be  stored  for  a  prolonged  period. 

The  casein  is  hydrolyzed  with  concentrated  hydrochloric  acid  under 
pressure  in  a  glass  bottle  with  a  cotton  stopper  covered  with  a  paper 
cap  (one  part  of  hydrochloric  acid  is  used  to  1.25  part  of  casein). 

The  mixture  is  autoclaved  for  3  hr  at  a  temperature  of  127*.  After 
autoclaving  the  hydrolyzate  is  diluted  to  1:2  with  distilled  water  and 
filtered  through  a  linen  filter. 

The  filtrate  is  then  diluted  with  distilled  water  taken  in  a  vol¬ 
ume  equivalent  to  10  times  the  initial  weight  of  the  casein  (10  liters 
per  kg),  poured  into  glass  bottles,  and  clarified  with  activated  char¬ 
coal.  For  this  purpose  charcoal  is  added  to  the  diluted  hydrolyzate 
(20  g  per  liter)  and  the  mixture  Is  autoclaved  at  110°  for  10  min  and 
filtered  through  linen. 

The  hydrolyzate  is  a  clear  liquid  with  a  slightly  yellowish  tinge. 
The  degree  of  protein  decomposition  in  the  hydrolyzate  should  be  no 
less  than  90#.  The  final  hydrolyzate  contains  735-1000  mg-#  amine  ni¬ 
trogen,  820-1080  mg-#  total  nitrogen,  and  4. 5-6. 3#  chlorides.  It  can 
be  stored  for  several  months  by  adding  0.5#  chloroform. 

Preparation  of  yea3t  dlalyzate.  Preparation  of  dialyzate  requires 
fresh  pressed  baker's  yeast,  1  kg  of  which  is  mixed  with  1  ml  of  dis¬ 
tilled  water  to  produce  a  homogeneous  mass.  This  suspension  is  poured 
into  4  cellophane  bags  (40-45  cm  long  and  9  cm  wide),  500  ml  in  each, 
and  the  ends  of  the  bags  are  tied  in  knots.  The  bags  are  thoroughly 
washed  with  distilled  water  before  filling  and  rinsed  with  running  tap 
water  and  then  distilled  water  after  filling.  All  the  bags  are  immersed 
in  a  covered  vessel  of  a  chemically  inert  material  filled  with  2  liters 
of  sterile  distilled  water.  They  should  be  completely  immersed  in  the 
liquid  and  should  not  touch  one  another. 
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Dialysis  is  carried  out  at  a  temperature  of  78-80°  for  7  hr*  On 
completion  of  the  process  the  contents  of  the  pot  are  poured  into  a 
sterile  bottle  and  cooled ,  chloroform  is  added,  and  the  dlalyzate  is 
stored  in  this  form  at  a  temperature  of  5-7°  for  up  to  3  months. 

Preparation  of  caseln-carbcn  agar.  Casein-carbon  agar  is  prepared 
from  the  following  formula,  which  provides  for  a  total  quantity  of  1 
liter. 

Casein  hydrolyzate  —  150-170  ml  (so  that  the  final  medium  contains 
150-170  mg-#  of  amine  nitrogen). 

KH^  -  0. 5  g 
MgClg  -  0.4  g 
Soluble  starch  —  1.5  g 

FeS0jj.7H20  —  0.01  g  (1  ml  of  a  1#  solution) 

CuSOj^HgO  —  0.005  g  (0.5  ml  of  a  1#  solution) 

Cystine  -  0.03  g  (2  ml  of  a  1.5#  solution) 

Yeast  dlalyzate  —  50  ml 
Agar-agar  —  25-30  g 
Activated  charcoal  -  2  g 

The  hydrolyzate  is  poured  into  an  enameled  or  aluminum  pot  or 
glass  bottle  of  appropriate  capacity,  diluted  by  a  factor  of  4-5  with 
sterile  distilled  water,  and  neutralized  to  pH  7.0  with  concentrated 
sodium  hydroxide.  All  the  remaining  ingredients  except  the  agar-agar 
and  activated  charcoal  are  then  added.  The  starch  is  preliminarily 
dissolved  in  a  small  quantity  of  hot  distilled  water.  The  pH  is  again 
adjusted  to  6.8-7. 0  (as  indicated  by  bromthymol  blue)  and  sterile  dis¬ 
tilled  water  is  added  to  make  up  the  total  medium  volume.  The  amine 
nitrogen  and  chloride  contents  are  then  determined.  If  the  chloride 
content  is  less  than  0.6#  sodium  chloride  is  added  to  obtain  a  con¬ 
centration  of  0.9#.  The  mixture  is  heated  in  live  steam  in  an  autoclave 

-  733  - 


4 


for  20  min,  until  the  agar  dissolves,  and  left  to  stand  for  30  min 
(no  more  than  an  hour);  the  medium  is  then  carefully  poured  into  an¬ 
other  vessel  (the  residue  is  discarded),  the  pH  is  adjusted  to  7.3# 

(as  indicated  by  metanltrophenol)  and  the  activated  charcoal  is  added 
in  the  form  of  a  20%  aqueous  suspension  (which  is  first  autoclaved  fcr 
1  hr  at  a  pressure  of  1.5  atm,  thoroughly  stirring  it  all  the  while. 
The  medium  is  then  filtered  through  a  2-layer  gauze  filter,  poured 
into  test-tubes  or  flasks  (in  order  to  prepare  Petri  dishes),  and 
sterilized  for  30  min  at  110°.  After  sterilization  it  is  thoroughly 
mixed  (by  rotating  the  tubes  or  flasks)  until  the  charcoal  is  uniform¬ 
ly  distributed  and  poured  into  dishes.  The  temperature  at  which  the 
medium  is  remelted  should  not  exceed  70°. 

The  final  medium  is  black  in  color  and  the  condensation  water 
should  contain  no  charcoal  particles.  It  can  be  stored  for  an  extend¬ 
ed  period  (a  month  or  longer)  if  it  is  kept  from  drying  out. 

B.  Bordet-Gengou's  potato-glycerine  agar. 

A  total  of  1  liter  of  distilled  water  and  40  ml  of  chemically 
pure  glycerine  are  added  to  500  g  of  finely  sliced  peeled  potato 
(white  or  sweet).  The  potato  is  boiled  in  water  until  soft  and  suffi¬ 
cient  distilled  water  is  added  to  bring  the  volume  up  to  its  initial 
level;  the  extract  is  then  filtered  (strained)  through  gauze  and  left 
to  stand  until  clarified.  To  500  ml  of  this  clear  potato  extract  is 
added  1.5  liter  of  a  salt  solution  with  the  following  composition: 
K2HP04  -  2.25  g,  KH2P04  -  0.75  g,  KC1  -  1.5  g,  MgS04  -  0.075  g,  and 
NaCl  -  7.5  g.  At  this  point  60  g  of  agar-agar  (i.e.,  3X)  is  added  and 
the  mixture  is  boiled  on  an  asbestos  pad,  stirring  it  until  the  agar 
dissolves.  The  pH  is  adjusted  to  7. 1-7. 2  and  the  medium  is  filtered, 
poured  into  appropriate  vessels  (flasks  or  test-tubes),  and  sterilized 
for  30  min  at  110°  (0.5  atm)  or  for  25  min  at  120°. 
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This  basic  medium  can  be  stored  for  a  prolonged  period  If  it  is 
kept  from  drying  out. 

Before  use  the  basic  medium  is  melted  and  cooled  to  45°  and 

I 

sterile  defibrinated  blood  (sheep,  rabbit,  horse,  or  human)  or  the  • 

broken-up  clots  left  after  the  3erum  has  been  drawn  off  are  added  to  - 

i 

m- 

produce  a  concentration  of  15-20*.  j 

The  medium  is  thoroughly  mixed  with  the  blood  and  15  or  20  ml 
portions  are  poured  into  dishes.  Several  dishes  from  each  batch  are 
placed  in  a  heater  for  24  hr  as  a  sterility  control.  Blood  can  be  used 
for  preparing  the  medium  for  no  more  than  5-6  days  after  it  is  taken 
(it  is  preferable  to  use  it  within  the  first  72  hr).  Well-prepared 
dishes  should  be  light  cherry-red  in  color  and  should  contain  no  air 
bubbles  or  chunks  of  agar.  The  dishes  can  be  used  as  long  as  they  re¬ 
tain  their  red  color  and  remain  moist  (usually  2  to  3  weeks  when 
stored  under  refrigeration).  Addition  of  0.25-0.5  units  of  penicillin 
per  ml  of  casein-carbon  agar  or  Bordet-Gengou's  medium  considerably 
reduces  the  growth  of  gram-positive  microorganisms  on  the  dishes. 

Growth  of  B.  pertussis  is  inhibited  by  addition  of  one  unit  or  more 
of  penicillin  per  ml  of  medium. 

Penicillin  in  the  aforementioned  concentration  can  be  applied  to 
the  surface  of  the  nutritive  medium  (in  Petri  dishes)  and  rubbed  in 
with  a  spatula  half  an  hour  before  inoculation.  Penicillin  in  solution 
has  a  reduced  activity  and  it  is  consequently  recommended  that  a 
freshly  diluted  solution  be  used. 

STREPTOCOCCAL  INFECTIONS 

I.M.  Lyampert,  Doctor  of  Medical  Sciences 

Streptococcus  was  discovered  by  Bilroth  (1874)  in  erysipelas  and 
wound  infections  and  by  Pasteur  (1879)  and  Ogston  (1881)  in  sepsis 
and  suppurative  infections.  Fehleisen  (1882)  obtained  a  pure  strepto- 
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coccal  culture  and  Induced  erysipelas  In  humans. 

Streptococcus  causes  a  large  number  of  infections  in  man  and  ani¬ 
mals.  There  are  nonpathogenic  varieties  saprophytic  in  the  human  mouth 
and  intestines.  Attempts  to  classify  Streptococci  on  the  basis  of  the 
area  from  which  they  were  isolated,  the  length  of  the  chains,  and 
their  ability  to  ferment  carbohydrates  have  proved  unsuccessful. 

Anaerobic  strains  are  only  slightly  pathogenic  and  are  usually 
found  in  the  human  mouth  and  digestive  tract.  In  some  cases  they  pro¬ 
duce  chronic  Inflammatory  processes  (abscesses  of  the  appendix)  and 
wound  infections.  Of  substantially  greater  Importance  in  the  pathogen¬ 
esis  of  human  streptococcal  infections  are  the  facultative  anaerobes, 
which  can  be  divided  into  4  types  in  accordance  with  the  character  of 
the  hemolysis  which  they  produce  on  blood  agar:  1)  colonies  of  type 
0  hemolytic  Streptococci  are  surrounded  by  a  clear  zone  of  hemolysis; 
2)  colonies  of  type  ct  hemolytic  Streptococci  are  green  In  color  and 
produce  partial  hemolysis;  3)  type  hemolytic  Streptococci  produce 
a  less  distinct,  cloudier  zone  of  hemolysis  than  the  3-hemolytic 
strains;  *0  type  7  nonhemolytic  Streptococci  do  not  produce  hemolysis 
on  solid  blood-containing  nutritive  media. 

The  0-hemolytic  Streptococci  are  the  most  pathogenic,  causing 
the  majority  of  streptococcal  infections  of  man  and  animals.  The 
a-hemolytic  Streptococci  (green)  are  less  pathogenic.  They  are  found 
in  the  oral  mucosa  of  healthy  persons  and  in  some  cases  are  detected 
in  chronic  sepsis,  subacute  septic  endocarditis,  and  focal  infections 
of  the  mouth. 

The  nonhemolytic  Streptococci  are  saprophytic  in  the  upper  res¬ 
piratory  passages  and  intestinal  tract  of  man.  In  some  cases  they 
cause  subacute  septic  endocarditis.  Infections  of  the  urinary  tract, 
and  wound  infections. 


Morphology  of  Streptococci 

Streptococci  are  Immobile  spherical  or  oval  cocci  0.8-1  micron 
in  diameter,  which  form  chains  of  varying  length  and  stain  positively 
by  Gram's  method.  Some  strains  produce  capsules. 

The  length  of  the  chains  is  related  to  the  culturing  conditions. 
They  are  longer  in  liquid  nutritive  media  and  are  often  quite  short  or 
fragmentary  on  solid  media.  The  cocci  may  be  ovoid  before  division,  a 
process  which  takes  place  perpendicular  to  the  chain.  Each  coccus  di¬ 
vides  in  2,  so  that  the  chain  may  take  on  the  appearance  of  a  row  of 
diplococci.  Counting  the  number  of  colonies  obtained  by  culturing  on 
solid  nutritive  media  determines  not  the  number  of  individual  live 
cells,  but  the  number  of  chains,  since  the  entire  chain  participates 
in  colony  formation. 

Biology  of  Streptococci;  cultural  characteristics 

On  blood-containing  agar  Streptococci  form  small  (1-2  mm  in  di¬ 
ameter),  translucent  grayish  or  colorless  colonies,  which  do  not  grow 
into  the  agar  and  are  easily  removed  with  a  platinum  loop.  The  extent 
of  the  zone  of  hemolysis  varies  from  strain  to  strain  and  from  group 
to  group.  Strains  of  group  A  usually  form  a  zone  of  beta-hemolysis, 
whose  width  is  somewhat  greater  than  the  diameter  of  the  colony.  Cer¬ 
tain  members  of  group  C  produce  a  substantially  larger  zone  of  hemo¬ 
lysis.  Cultures  in  which  the  zone  of  hemolysis  take3  the  form  of  a 
narrow  ring  around  the  colony  are  encountered  among  the  various 
groups.  Type  Streptococci  form  a  greenish,  sometimes  greenish-brown 
zone  of  hemolysis,  which  is  cloudy  or  clear  and  varies  ir.  size  and 
coloration.  In  some  cases  the  colony  itself  takes  on  a  greenish  hue. 

Strains  of  group  A  Streptococci  may  produce  3  types  of  colonies: 

1.  Mucoid  colonies.  These  are  large,  lustrous,  and  viscous,  re¬ 
sembling  drops  of  water.  They  are  characteristic  of  freshly  isolated 
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capsule-forming  virulent  strains. 

2.  "Matte”  (rough)  colonies.  These  are  flat  and  larger  than  mu¬ 
coid  colonies  and  have  a  nonuniform  or  broken  granular  surface.  They 
are  characteristic  of  freshly  isolated  virulent  strains  containing 
substance  M. 

3.  "Glossy"  (smooth)  colonies.  These  are  smaller,  lustrous,  and 
round,  with  a  smooth  surface  and  margins.  They  are  characteristic  of 
nonvirulent  laboratory  cultures. 

Streptococci  characteristically  grow  at  the  bottom  in  liquid  nu¬ 
tritive  media,  often  creeping  up  the  walls  of  the  vessel.  The  culture 
breaks  up  into  granules  or  flakes  when  agitated.  Some  strains  produce 
a  homogeneous  suspension  when  shaken. 

The  optimum  growth  temperature  is  37°.  Cultures,  especially  those 
which  have  Just  been  isolated,  do  not  grow  at  all  or  produce  a  very 
sparse  growth  on  media  not  containing  blood  or  serum.  The  customary 
culture  media  are  meat-infusion  agar  containing  5-7?  defibrinated 
rabbit  or  sheep  blood,  semiliquid  agar  containing  serum,  and  Martin's 
broth  containing  0.2?  glucose  (pH  7  . ^ — 7 . 6 ) . 

Good  growth  and  toxin  formation  can  be  ensured  by  "combined 
broth"  (one  part  of  Poup's  peptone  and  9  parts  of  Martin's  peptone) 
or  media  containing  casein  hydrolysate  and  yeast  extract.  It  is  re¬ 
commended  that  strains  of  group  A  be  stored  on  blood  broth  (meat- 
infusion  broth  containing  5?  rabbit  erythrocytes).  Such  strains  can 
be  kept  on  this  medium  without  reculturing  for  up  to  6  months  at  5-8° 
and  in  sealed  medium-containing  ampules  for  more  than  a  year.  They  can 
easily  be  preserved  when  subjected  to  lyophilic  drying  with  a  sugar- 
gelatin  stabilizer.  Strains  which  produce  o-hemolysis  grow  poorly  in 
liquid  nutritive  media  and  cannot  be  stored  in  blood  broth.  Semiliq¬ 
uid  agar  is  recommended  for  raising  and  preserving  such  cultures. 
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Autoclaving  the  medium  reduces  its  quality.  Fractional  steriliza¬ 
tion  in  live  steam  or  sterilizar ion  filtration  is  recommended.  Dialyzed 


media  can  be  used  (Stock,  1939). 

Hemolytic  Streptococci  metabolize  glucose  to  form  lactic  and  other 
acids,  this  being  a  factor  which  limits  their  growth  in  nutritive  media. 
Profuse  growth  can  be  obtained  in  a  highly  buffered  glucose-containing 
medium,  in  which  the  lactic  acid  is  neutralized. 

Resistance  to  physical  and  chemical  agents 

The  maximum  and  minimum  temperatures  at  which  group  A  streptococci 
will  grow  are  *12  and  20°. 

Hemolytic  Streptococci  of  the  various  groups  usually  die  when 
heated  at  56°  for  30  min.  Group  D  Streptococci  can  survive  heating  at 
60°  for  30  min.  Strains  of  groups  B  and  D  will  grow  on  media  contain¬ 
ing  ^ OJC  bile,  which  strains  of  the  other  groups  will  not  do.  Potassium 
tellurite  in  a  concentration  of  1:2500  suppresses  the  growth  of  Strep¬ 
tococci,  except  those  of  group  D.  See  page  592for  a  discussion  of  the 
resistance  of  enterococci  (group  D  streptococci)  to  physical  and  chem¬ 
ical  agents. 

Group  A  Streptococci  may  survive  for  prolonged  periods  in  objects 
touched  by  the  patient  and  in  dried  form  in  dust.  These  cultures,  how¬ 
ever,  usually  lose  their  virulence  while  retainirg  their  viability 
(Wannemaker,  1958). 

Group  A  Streptococci  are  highly  sensitive  to  penicillin,  which 
has  a  bactericidal  action  on  them,  and  acquire  no  resistance  to  this 
drug  under  practical  conditions.  The  Streptococci  of  other  groups,  ex¬ 
cept  group  D,  are  also  sensitive  to  penicillin.  Sulfanilamides  have  a 
bacteriostatic  action  on  group  A  Streptococci. 

Antigenic  structure;  classification 

Serological  groups.  The  current  classification  cf  Streptococci  is 


baaed  on  their  serological  differences  (Lensfield),  A  total  of  17  sero¬ 
logical  groups  (A,  B,  C,  D,  E,  F,  G,  H,  K,  L,  M,  N,  0,  P,  Q,  R,  and  S) 
are  known.  The  division  into  groups  is  based  on  the  presence  of  a  spe¬ 
cific  polysaccharide  (substance  C)  in  the  members  of  the  different 
groups . 

Group  A  Streptococci  are  pathogenic  for  man,  the  characteristic 
representative  of  this  group  being  Streptococcus  pyogenes.  Infections 
of  the  upper  respiratory  passages  and  urogenital  tract  may  also  be 
caused  by  members  of  groups  C,  G,  F  and  B  in  certain  cases.  Enterococci 
(group  D)  normally  Inhabit  the  human  intestine.  Groups  C,  G,  F  and  H 
Streptococci  are  widely  encountered  in  the  mouths  of  healthy  persons. 
Groups  N  (lactic-acid),  H,  D,  K  and  Q  Streptococci  cause  septic  endo¬ 
carditis.  Many  cultures,  especially  of  strains  exhibiting  type  a  hemo¬ 
lysis,  cannot  be  assigned  to  any  of  these  groups,  since  they  do  not 
contain  a  group  polysaccharide  (Str.  salivarius,  Str.  mitis,  et  al.) 
and  their  role  in  human  pathology  has  been  the  subject  of  little  re- 
s  arch.  Certain  of  them  are  detected  In  i he  blood  of  persons  suffering 
from  septic  endocarditis.  The  various  g’.'oups  of  Streptococci  not  only 
differ  in  their  ability  to  cause  moroidity  in  humans  and  animals  and 
their  natural  habitats,  out  also  In  the'r  blech jmical  and  cultural 
characteristics.  The  latter  are,  howe'er,  neither  clear  nor  consistent. 
Biochemical  and  cultural  characterization  is  of  secondary  importance 
when  a  strain  contains  a  group  polysaccharide.  In  addition  to  serologi¬ 
cal  differences,  the  following  indices  are  usually  taken  into  account 
in  differentiating  strains:  point  of  isolation,  character  of  hemolysi3, 
ability  to  form  soluble  hemolysins,  resistance  to  various  temperatures, 
ability  to  grow  In  milk  containing  methylene  blue,  growth  at  various 
temperatures  and  medium  pH's  and  at  elevated  medium  sodium  chloride  and 
bile  contents,  change  In  litmus  milk,  decomposition  of  sodium  hippurate 


and  arganine,  NH^  formation,  decrease  In  medium  pH,  fermentation  of 
sugars,  and  liquefaction  of  gelatin. 

Table  57  shows  the  characteristics  of  the  various  groups  of  Strep¬ 
tococci,  as  well  as  of  green  Streptococci,  which  have  no  group  poly¬ 
saccharide. 

Serological  types.  Agglutination  reactions  on  slides  have  made  it 
posilble  to  divide  strains  of  beta-hemolytic  Streptococci  isolated 
from  patients  with  scarlet  fever  and  other  Streptococcal  infections 
and  from  healthy  carriers  into  50  serological  types  (Griffiths,  1926; 
Williams,  1925;  Wasselhoff  and  Weinstein,  1945;  et  ai.).  Cultures  of 
**6  types  belonged  to  group  A,  type  7,  types  7,  20,  and  21  belonged  to 
group  C  and  type  16  to  group  G.  Type  differences  have  also  been  found 
among  the  strains  of  other  groups.  Streptococci  can  be  typed  only  by 
precipitation  reactions  with  hydrochloric-acid  extracts  obtained  from 
group  A  streptococci,  using  sera  from  which  the  group  antibodies  have 
been  removed  by  adsorption  (Lensfield).  Agglutination  on  slides  takes 
place  principally  with  type  antigen  T  and  only  partially  with  the  other 
typospecific  substance,  substance  M,  and  the  corresponding  antibodies. 
The  division  of  Streptococci  into  types  by  precipitation  reactions 
with  hydrochloric-acid  extracts  is  based  solely  on  differences  in  sub¬ 
stance  M  (Lensfield  and  Todd,  1928). 

Typing  of  Streptococci  by  the  precipitation  reaction  is  not  pos¬ 
sible  in  all  cases,  since  not  all  strains  contain  substance  M.  Virulent 
strains  freshly  isolated  from  patients  with  streptococcal  infections 
contain  this  substance  more  often  and  in  larger  quantities  than  lab¬ 
oratory  strains. 

Typing  by  the  agglutination  reaction  and  the  precipitation  reac¬ 
tion  usually  gives  identical  results.  Streptococci  of  the  same  type 
are  found  in  different  streptococcal  infections  and  in  healthy  carriers, 
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TABLE  57 


Natural  Habitats  and  Pathogenic,  Biochemical  and  Cultural  Character¬ 
istics  of  Streptococci  or  Different  Croups  (compiled  from  the  data  of 
various  authors) 


Note:  Certain  groups  (e.g.,  group  C)  contain  several  varieties  with 
different  biochemical  properties,  which  have  tsen  described  under  dif¬ 
ferent  names.  In  addition  to  the  three  varieties  shown  In  the  table, 
the  green  Streptococci,  which  have  no  group  polysaccharide,  contain 
other  varieties  (a  total  of  9).  Streptococci  of  groups  0,  F,  and  Q  are 


not  included  in  the  table,  since  little  research  has  been  done  on  them. 
See  page  for  group  D  streptococci. 

1)  Streptococci 

2)  Natural  habitat 

3)  Pathogenic  properties 

4)  Group 

5)  Variety 

6)  Hemolysis  on  blood  agar 

7)  Soluble  hemolysin 

b)  Resistance  to  heating  at  60°  for  30  min 

9)  Reduction  of  methylene  blue  in  milk 

10)  Growth  at 

11)  Growth  on  broth  containing  6.5*  NaCl 

12)  Growth  on  broth  containing 

13)  10*  bile 

•4)  40*  bile 

15)  Change  in  pH  in  sugar  broth 

16)  Decomposition  of  sodium  hippurate 

17)  Decomposition  of  arganine 

lb)  NH  formation  when  grown  on  peptone 

19)  Liquefaction  of  gelatin 

20)  Fermentation  of  sugars 

21)  Trehalose 

22)  Sorbitol 

23)  Glycine 

24)  Mannitol 

25)  Lactose 

26)  Sucrose 

27)  Raffinose 

28)  Salicin 

29)  Inulin 

30)  Exulin 

31)  Hemolytic  Streptococci 

32)  Lactic-acid  Streptococci 

33)  Green  Streptococci  j 

34)  Man 

35)  Causative  agent  of  the  majority  of  human  streptococcal  infections 

36)  Cattle;  genital  tract  of  man 

37)  Mastitis  in  cows;  postnatal  infections  and  sepsis  of  human  new¬ 
borns 

38)  Various  animals;  upper  respiratory  passages  of  man  (human  strains) 

39)  Various  animal  diseases;  mild  respiratory  infections  of  man 

40)  Isolated  from  humans 

41)  Upper  respiratory  passages  of  man 

42)  Mild  respiratory  infections;  endocarditis 

43)  Upper  respiratory  pa? sages  of  man;  dogs; 

44)  Mild  respiratory  Inflations  of  man;  infections  of  the  genital 
tract  in  dogs 

45)  Large  colonies 

46)  Small  colonies 

47)  Upper  respiratory  passages  of  man 

48)  Human  endocarditis 

49)  The  same 

50)  Dogs 

51)  Infections  of  the  genital  tract  in  dogs 

52)  Hogs 
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53)  Diseases  of  hogs 
51*)  Milk  products 

55)  Hunan  endocarditis 

56)  No  group  polysaccharide 

One,  2,  or  3  types  (the  so-called  leading  types)  usually  predom¬ 
inate  in  scarlet  fever.  Different  leading  types  may  be  encountered  in 
different  nations  and  even  in  different  cities  of  the  same  nation. 
These  types  change  with  time. 

Streptococci  of  types  1,  2,  3,  4,  5,  6,  a,  9,  10,  12,  13,  24, 

25*  27*  and  29  are  most  frequently  found  in  scarlet  fever  and  Strepto¬ 
coccal  angina  in  the  Soviet  Union. 

Antigenic  structure  of  Streptococci  of  group  A  and  other  groups. 
Group  A  Streptococci  have  a  distinct  cell  wall,  whose  principal  con¬ 
stituent  is  group  polysaccharide  C,  or  heptene  (Lensfield,  192b;  Bar- 
culls  and  Jones,  1956;  et  al.).  Antibodies  to  this  substance  can  be 
obtained  only  by  immunization  with  intact  cells.  The  typospecific  sub¬ 
stances,  M  and  T,  are  also  superficial  antigens.  Substance  M  can  be 
obtained  together  with  the  group  polysaccharide  by  extraction  of  intact 
cells  or  of  cell  walls  in  an  acid  medium  (Lensfield,  1943;  Barculis 
and  Jones,  1957;  et  al.).  This  substance  is  a  protein  and  resists 
heating  at  120°  for  20  min  in  acid  and  neutral  media,  but  is  decomposed 
by  trypsin  and  pepsin.  It  is  the  principal  virulent  factor  of  group  A 
Streptococci  and  is  present  in  cultures  freshly  Isolated  from  patients 
with  streptococcal  infections.  Substance  M  is  usually  entirely  lacking 
or  present  In  only  small  quantities  in  laboratory  cultures  (Lensfield 
and  Perlman,  1952;  et  al.).  It  has  a  leucotoxic  action,  preventing 
phagocytosis  and  reducing  leucocyte  mobility.  Strains  containing  sub¬ 
stance  M  become  resistant  to  phagocytosis,  which  explains  their  abil¬ 
ity  to  grow  and  multiply  in  human  blood  (Macsted,  1956;  Foley  and 
Wood,  1959). 
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Substance  M  is  the  principal  immunizing  component  of  Streptococcal 
cells.  Antibodies  to  this  substance  have  a  protective  effect,  while  an¬ 
tibodies  to  other  streptococcal  antigens  do  not  act  in  this  manner 
(Rothbart,  19^5;  Willy  and  Wilson,  1956;  et  al.). 

Substance  M  can  be  detected  in  the  overwhelming  majority  of  strep¬ 
tococcal  strains  isolated  in  scarlet  fever,  especially  those  of  the 
leading  type,  which  indicates  the  considerable  virulence  of  such  cul¬ 
tures.  In  rare  cases  it  is  observed  in  strains  of  rheumatic  origin  and, 
exceptionally,  in  cultures  obtained  from  healthy  carriers  (I.M.  Lyam- 
pert  and  0.1.  Vvedenskaya,  1961). 

Th*  other  type  antigen  (substance  T)  is  a  protein  resistant  to 
the  action  of  proteolytic  enzymes.  It  decomposes  when  heated  in  an 
acid  medium,  so  that  hydrochloric-acid  extracts  obtained  at  high  tem¬ 
peratures  and  containing  substances  M  and  S  do  not  contain  substance 
T.  This  antigen  is  nonvirulent  and  antibodies  to  it  do  not  have  protec¬ 
tive  properties. 

Streptococci  of  group  A  may  have  sapsules  consisting  of  hyaluronic 
acid;  these  capsules  prevent  phagocytosis  and  are  consequently  one  of 
the  factors  in  the  virulence  od  the  with  you.  Capsules  are  usually  de¬ 
tected  in  strains  freshly  isolated  from  the  body,  most  frequently  in 
young  *»-6-hr  cultures.  Antibodies  are  not  formed  to  the  samples 

The  cytoplasm  of  Streptococci  contains  proteins  and  a  large  quan¬ 
tity  of  nucleotides  and  nucleic  acids,  which  are  the  nuclear  material 
of  the  cell  (MacCarthy,  1958).  The  nucleoproteins  of  hemolytic  Strep¬ 
tococci  react  with  sera  obtained  by  Immunization  with  nonhemolytic 
Streptococci,  as  well  as  with  antipneumococcal  and,  to  a  lesser  extent, 
antistaphylococcal  sera.  Little  research  has  been  done  on  these  com¬ 
ponents  and  their  biological  action  is  unknown. 

The  antigenic  structure  of  the  Streptococci  of  the  other  groups 
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has  been  the  subject  of  little  study.  Strains  of  groups  B,  D,  F,  and 
0  contain  typospecific  substances,  some  which  are  polysaccharides. 
Streptococci  of  group  C  form  capsules,  which,  like  those  of  group  A 
Streptococci,  consist  of  hyaluronic  acid.  Strains  of  group  B  form  cap¬ 
sules  consisting  of  polysaccharides. 

Antlgenlcally  Identical  substances  have  been  detected  in  strains 
belonging  to  groups  A,  C,  and  0;  this  is  quite  interesting,  since 
Streptococci  of  these  groups  are  detected  in  human  infections  more  fre 
quently  than  any  other  Streptococci  not  belonging  to  group  A  (N.M. 
Kornilova-Ivanova) . 

Formation  of  toxins  and  other  extracellular  products 

Streptococcal  toxin  and  allergen  (thermostable  fraction) .  Strep¬ 
tococcal,  scarlet inous,  or  erythrogenic  toxin  was  discovered  by 
Savchenko  (1905).  Immunization  of  children  with  vaccine  containing 
this  toxin  produce  symptoms  characteristic  of  the  early  period  of  scar 
let  fever  (Gabricheskiy,  1906). 

Dick  and  Dick  (1923,193b)  cited  a  number  of  data  regarding  the 
role  of  this  toxin  in  the  pathogenesis  of  scarletina:  1)  scarletina  is 
produced  by  administration  of  toxin  for  immunogenic  purposes;  2)  It 
was  established  that  intracutaneous  Injection  of  small  doses  of  toxin 
causes  local  erubescence  in  persons  susceptible  to  scarletina  (Dick's 
reaction);  3)  the  Dick  test  is  negative  in  persons  immune  to  scarle¬ 
tina,  as  a  result  of  neutralization  of  the  toxin  by  antitoxin. 

Native  toxin  contains  two  fractions,  a  dermolabile  fraction  (the 
scarletinous  toxin,  and  a  relatively  thermostable  fraction  with  the 
properties  of  an  allergin. 

The  true  erythrogenic  toxin  Is  a  protein  (Stock,  1939).  This  is 
the  streptococcal  exotoxin,  which  causes  a  scarletinoid  eruption  and  a 
positive  Dick  test  in  subjects  susceptible  to  scarletina. 
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The  erythiogenic  toxin  is  a  sympathicotropic  poison.  Rabbits, 
which  react  to  it  when  it  is  administered  subcutaneously  (in  skin 
tests)  or  intravenously,  develop  a  scarletina-like  syndrome.  Large 
doses  cause  the  animals  to  die  (I.M.  Lyampert,  1956). 

Purified  erytnrogenic  toxin  is  used  for  skin  tests  intended  to 
determine  the  level  of  antitoxic  immunity.  The  toxin  unit  is  the  skin 
dose  (SD),  i.e.,  the  least  quantity  of  toxin  which,  when  injected  in- 
tracutaneously  in  a  dose  of  0.1  ml,  will  cause  a  positive  Dick  reac¬ 
tion  in  no  less  than  60$  cf  ocarletina  patients  during  the  first  5 
days  of  illness  and  in  no  more  than  2-5#  of  scarletina  convalescence 
beginning  with  the  20th  day  of  illness  (Verzhikovskiy,  1936).  The  toxin 
is  titrated  by  skin  testing  in  rabbits,  using  the  standard  prepared  by 
the  State  Control  Institute  for  purposes  of  comparison.  A  technique  has 
been  proposed  for  titrating  erythrogenic  toxin  by  complement-fixation 
under  refrigeration  (M.A.  Zelkina,  1953).  The  majority  of  strains  of 
group  A  isolated  from  scarletina  patients,  patients  with  other  infec¬ 
tions,  and  carriers  produce  erythrogenic  toxin. 

The  level  of  antitoxic  immunity  can  be  determined  by  the  Dick 
reaction  (with  1  sd)  or  by  V.I.  Ioffe's  titration  method  (skin  reac¬ 
tions  with  different  toxin  doses). 

The  level  of  antitoxic  immunity  determines  susceptibility  to 
scarletina  (V.I.  Ioffe,  19*18;  et  al.). 

The  thermostable  fraction  (allergin)  is  a  nucleoprotein  (Verzhi¬ 
kovskiy,  1936).  It  has  been  established  that  sensitivity  to  this  frac¬ 
tion  Increases  throughout  the  course  of  scarletina  (Ando  ana  Osaki, 
1930;  Verzhikovskiy  et  al.,  1936;  M.O.  Danlelovich,  19*18;  V.A.  Par¬ 
fenova,  19**7;  et  al.).  Sensitivity  (as  shown  by  skin  tests)  increases 
in  rheumatic  fever  and  other  streptococcal  diseases.  One  skin  dose  of 
streptococcal  allergen  is  arbitrarily  assumed  to  be  the  least  quantity 
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which,  when  Injected  intracutaneously,  will  produce  a  positive  reac¬ 
tion  10-15  nun  In  diameter  In  100*  of  scarletina  convalescence.  A  num¬ 
ber  of  investigators  have  employed  dermal  titration  with  various  of 
allergen  (0.1,  0.3,  1  and  four  sd)  to  determine  sensitivity  to  this 
fraction.  It  has  been  shown  that  thermostable-fraction  preparations 
and  thermostable  fraction  in  decantates  of  streptococcal  cultures  can 
be  titrated  by  complement  fixation  under  refrigeration  with  serum  from 
animals  immunized  with  this  fraction  (I.M.  Lyampert,  M.N.  Smirnova, 
and  O.N.  Gryzlova,  I960). 

Streptococcal  hemolysins  and  enzymes.  In  addition  to  erythrogenic 
toxin,  hemolytic  Streptococci  produce  hemolysins  (streptolysin  0  and 
S)  and  enzymes  (hyaluronidase,  streptokinase,  diphosphopyridinenu- 
cleotidase,  deoxyribonuclease,  ribonuclease,  proteinase,  amylase,  and 
lipase).  Some  of  these  substances  participate  in  cellular  metabolism, 
while  others  are  aggressive  factors  and  facilitate  invasion,  having 
a  toxic  action  on  the  macroorganism  or  suppressing  Its  natural  protec¬ 
tive  mechanisms.  A  number  of  them  have  a  leucotoxic  action  (diphospho- 
pyridinenucleotidase,  streptolysin  S),  which  apparently  plays  a  large 
role  in  streptococcal  Infections,  since  the  body’s  principal  protec¬ 
tion  against  Streptococci  is  phagocytosis. 

streptolysin  0  is  inactivated  by  atmospheric  oxygen.  It  produces 
hemolysis  within  rather  than  at  the  surface  of  blood  agar  and  deep 
within  erythrocyte— containing  broth.  Reducing  agents  containing  sulf— 
hydryl  groups  reduce  streptolysin  0.  This  hemolysin  has  antigenic 
properties  and  antibodies  to  it  are  formed  in  all  infections  asso¬ 
ciated  with  group  A  Streptococci.  Detection  of  these  antibodies  indi¬ 
cates  that  the  patient  has  had  a  streptococcal  infection  (Todd,  1932; 
V.I.  Ioffe,  19*48;  P.V.  Smirnov  et  al.,  1950). 

Streptolysin  S  is  not  decomposed  by  atmospheric  oxygen.  It  pro- 
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duces  hemolysis  at  the  surface  of  blood-containing  agar.  This  hemoly¬ 
sis  can  be  intensified  by  adding  ribonucleic  acid  to  the  medium.  Strep¬ 
tolysin  S  has  no  antigenic  properties.  The  normal  streptolysin-S  in¬ 
hibitor,  which  is  detected  in  the  serum  of  healthy  persons,  is  reduced 
in  titre  in  the  presence  of  streptococcal  infections. 

Hyaluronldase.  The  principal  initial  propagation  factor  (Durand- 
Reynals)  of  Streptococci  is  the  enzyme  hyaluronldase,  which  hydrolyzes 
hyaluronic  acid,  the  basic  substance  of  human  and  animal  connective 
tissue,  and  increases  the  permeability  of  such  tissue  (Chain  and  Duty, 
1939).  Streptococcal  hyaluronldase  differs  antigenically  from  the  hy- 
aluronidase  of  other  bacteria  and  testicular  hyaluronldase. 

Methods  for  detecting  hyaluronldase  are  based  either  on  deter¬ 
mination  of  the  decrease  in  substrate  viscosity  under  its  influence 
(viscosimetrlc  method)  or  on  determination  of  the  loss  of  the  ability 
of  hyaluronic  acid  to  produce  insoluble  complexes  with  protein  after 
acidification  with  acetic  acid.  The  latter  reaction  can  be  evaluated 
from  the  absence  of  turbidity  (turbldometric  method),  or  clots  in  a 
medium  containing  hyaluronic  acid,  proteins,  and  hyaluronldase  after 
acidification  with  acetic  acid.  ThiB  technique  (MacCline's  method)  is 
the  simplest  and  most  widely  used  procedure  for  titrating  hyaluronldase 
and  determining  antibodies  in  the  blood. 

The  role  of  hyaluronldase  in  the  pathogenesis  of  streptococcal 
infections  is  unclear.  Its  presence  in  a  culture  is  not  an  indication 
of  pathogenicity  or  virulence,  since  it  is  found  in  strains  not  belong¬ 
ing  to  group  A  and  in  cultures  Isolated  from  carriers.  According  to 
the  data  of  some  authors,  hyaluronldase  facilitates  invasion  and  exa¬ 
cerbates  the  course  of  experimental  streptococcal  infections.  Accord¬ 
ing  to  those  of  other  authors,  hyaluronldase  protects  against  Strep¬ 
tococci,  apparently  because  it  breaks  down  the  hyaluronic  acid  in  the 
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bacterial  capsule,  so  that  the  Streptococci  are  more  subject  to  phago¬ 
cytosis. 


Streptokinase.  Filtrates  of  streptococcal  cultures  lyze  fibrin 
clots  (Tlllet  and  Garner,  1933).  Plasmln,  which  is  present  in  human 
blood  In  the  fonn  of  plasminogen,  has  a  fibrinolytic  action.  Plasmino¬ 
gen  Is  converted  to  plasmln  under  the  action  of  a  preactivator,  which 
Is  Itself  activated  by  an  enzyme,  streptokinase  (Kaplan,  1946  j  A. P. 
Konnikov,  1953). 

Streptokinase  activates  the  preactivator  of  human  blood,  but  does 
not  have  a  similar  effect  on  that  of  animal  blood.  The  majority  of  the 
strains  of  group  A  and  certain  of  those  of  groups  C  and  0  produce 
streptokinase.  This  enzyme  Is  a  protein  with  antigenic  properties. 

Deoxyribonuclease.  This  enzyme  depolymerlzes  deoxyribonucleic  acid 
(MacCarthy,  1949;  Wannemaker,  1958).  Group  A  Streptococci  produce  3 
different  enzymes,  which  differ  serologically  and  in  their  optimum  pH. 
All  three  are  antigens.  A  large  percentage  of  rheumatic  fever  patients 
have  antibodies  to  type  B  deoxyribonuclease.  Antibodies  to  enzymes  A 
and  C  are  rarely  encountered.  These  enzymes  have  scarcely  any  toxic 
effect  in  streptococcal  infections,  since  they  do  not  affect  living 
cells.  They  are  obviously  significant  in  bacterial  nutrition. 

Role  of  group  A  Streptococci  in  the  pathogenesis  of  human  infections 

Group  A  Streptococci  cause  a  large  number  of  infections  of  man, 
which  differ  both  in  their  clinical  course  and  their  epidemiological 
characteristics . 

The  diversity  of  clinical  forms  results  from  the  fact  that  there 
are  various  points  of  entry  (for  example,  wound  infections  and  infec¬ 
tions  of  the  upper  respiratory  passages),  as  well  as  from  the  fact 
that  immunity  to  the  erythrogenic  toxin  may  or  may  not  be  present.  Ab¬ 
sence  of  antitoxic  immunity  leads  to  development  of  scarletina.  Persons 
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Immune  to  the  toxin  but  not  to  the  bacteria  develop  angina  when  In¬ 
fected  with  virulent  cultures.  Autoantibodies  apparently  play  some 
role  In  the  number  of  streptococcal  infections  with  a  chronic  character 

(rheumatic  fever,  nephritis).  Development  of  allergies  to  the  various  4 

$ 

streptococcal  antigens  is  of  great  significance  in  the  pathogenesis  of 
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streptococcal  infections.  A  previous  Infection  sensitizes  the  patient  J 

to  subsequent  diseases.  The  characteristics  of  the  various  strains  of 
Streptococci  (virulence,  toxigenicity,  enzymatic  properties,  typologi- 
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cal  differences)  are  apparently  of  considerably  less  importance  than 

the  state  of  the  body  in  the  development  of  a  given  disease. 

Laboratory  Diagnosis  of  Streptococcal  Infections 
Bacteriological  investigation 

Material  collected  from  the  oral  or  nasal  mucosa  with  a  swab  is 
cultured  on  a  Petri  dish  containing  blood  agar.  The  swab  is  pressed 
against  the  agar  and  the  material  is  then  spread  over  the  entire  sur¬ 
face  with  light  strokes,  using  a  platinum  loop  or  a  Pasteur  pipette 
bent  into  a  spatulate  shape.  The  material  should  not  be  rubbed  into 
the  agar.  The  following  technique  ensures  the  highest  percentage  cul- 
turability  for  Streptococci:  the  swab  bearing  the  material  is  immersed 
in  a  test-tube  (to  the  bottom)  containing  semiliquid  agar  immediately 
after  the  sample  is  taken.  A  total  of  2  or  3  drops  of  defibrinated 
sheep  or  rabbit  blood  are  preliminarily  introduced  at  the  bottom  of 
the  tube.  After  incubation  at  37°  for  3-4  hr  cultures  are  made  on  a 
dish  containing  blood  agar,  using  the  procedure  described  above.  When 
Streptococci  are  present  in  the  mouth  characteristic  colonies  appear 
on  the  agar  within  24  hr.  For  microscopic  examination  an  isolated  cul¬ 
ture  is  transferred  to  a  liquid  nutritive  medium  (meat-infusion  broth 
containing  serum,  Martin's  broth,  etc.)  and  examined  after  incubation 
at  37°  for  24  hr.  Staining  by  Oram's  method  or  with  Loeffler's  methyl- 


ene  blue  la  recommended  for  smears. 

The  first  generations  of  Streptococci  containing  a-hemolysin  usu¬ 
ally  grow  extremely  sparsely  in  liquid  nutritive  media.  In  this  con¬ 
nection  it  is  recommended  that  semlllquld  agar  containing  normal  rab¬ 
bit  ”«erum  be  used  for  the  transplants  from  the  blood  agar. 

The  procedure  described  above  can  also  be  used  for  investigating 
pus  and  discharges  from  wounds. 

In  investigating  blood  a  clot  or  5-7  ml  of  whole  blood  is  cul¬ 
tured  in  100-150  ml  of  meat-infusion  broth  containing  serum,  Martin's 
broth,  or  combined  brothf  Tarocchi's  medium  containing  semiliquid  agar 
is  also  recommended,  since  this  creates  the  most  favorable  conditions 
(semianaeroblc)  for  culturing.  Blood  cultures  must  be  incubated  for  a 
protracted  period  (up  to  3-4  weeks)  and  material  should  be  periodically 
transferred  to  dishes  containing  blood  agar  during  this  time. 

Strains  isolated  from  the  mouth,  blood,  or  wound  discharges  must 
be  grouped,  which  permits  evaluation  of  their  pathogenicity  for  man. 
When  no  group  antigen  is  present  the  biochemical  characteristics  of  the 
culture  are  studied.  Determination  of  the  sensitivity  of  the  strains 
to  antibiotics  is  important  in  dealing  with  Streptococci  not  belonging 
to  group  A.  Culturing  of  blood  and  determination  of  the  antibiotic 
sensitivity  of  the  strain  isolated  are  of  great  practical  value  in  sep¬ 
tic  endocarditis. 

Study  of  the  biochemical  characteristic  of  cultures.  When  cultured 
in  sterile  skim  milk  containing  2  ml  of  1#  methylene  blue  per  100  ml 
cultures  which  reduce  this  dye  decolorize  the  medium  within  24  hr.  The 
behavior  of  Streptococci  with  respect  to  bile  is  studied  by  culturing 
them  in  broth  containing  40#  or  10#  bile.  In  order  to  determine  the 
terminal  pH  cultures  are  made  in  broth  containing  1#  glucose. 

Ability  to  ferment  carbohydrates  is  studied  on  Hiss's  medium,  to 
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which  l£  of  various  carbohydrates  is  added. 

In  order  to  determine  hydrolysis  of  sodium  hippurate  a  culture  is 
raised  on  broth  containing  l£  of  this  compound.  After  incubation  for 
4  days  1  ml  of  decantate  is  mixed  with  0.5  ml  of  10J$  ferric  chloride 
acidified  with  hydrochloric  acid.  A  precipitate  forms  when  the  reac¬ 
tion  is  positive. 

The  biochemical  properties  of  the  strains  of  the  various  groups 
were  described  above  (see  Table  57). 

grouping  of  strains  is  the  principal  method  of  determining  their 
pathogenicity  for  man.  grouping  is  employed  in  studying  cultures  iso¬ 
lated  from  patients  and  carriers,  as  well  as  from  milk  and  milk  prod¬ 
ucts.  Differentiation  of  group  A  Streptococci,  which  are  pathogenic 
for  man,  from  the  other  groups  is  important  in  practice.  Detection  of 
group  D  Streptococci  in  studying  cultures  isolated  from  the  blood  of 
patients  with  septic  endocarditis  is  significant,  since  such  cultures 
are  not  sensitive  to  penicillin. 

In  order  to  obtain  group  sera  rabbits  or  Jackasses  are  immunized 
with  heat-killed  vaccine  (heated  at  56°  for  2  hr). 

The  bacterial  suspension  is  carefully  washed  frcm  the  nutritive 
medium. 

The  complete  immunization  cycle  involves  intravenous  injection  of 
the  vaccine  on  4  consecutive  days  followed  by  a  3-day  interval  and  4 
more  injections,  the  entire  procedure  being  repeated  for  1  month.  Serum 
of  sufficiently  high  titre  is  usually  obtained  after  2  cycles.  Blood  is 
taken  7-8  days  after  the  last  injection.  The  vaccine  doses  for  rabbits 
progressively  increase  from  1  billion  to  6  billion  cells.  Sera  in  liq¬ 
uid  foim  can  be  stored  for  no  more  than  l£  years. 

Various  modifications  of  Lensfield's  method  are  usually  employed 
to  obtain  extracts  containing  the  group  Bubstance.  The  modification  de- 
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vised  by  the  Institute  of  Epidemiology  and  Microbiology  imeni  Qameleya 
runs  as  follows:  a  6-hour  culture  of  hemolytic  Streptococcus  raised  on 
blood  broth  Is  transplanted  to  25  ml  of  combined  broth  containing  0.2$ 
glucose.  A  24- hr  culture  on  this  medium  Is  centrifuged  and  the  residue 
Is  washed  with  0.85#  sodium  chloride  and  suspended  In  0.5  ml  of  20  N 
hydrochloric  acid  made  up  In  0.85$  sodium  chloride  solution.  The  sus¬ 
pension  Is  placed  in  a  boiling-water  bath  for  15  min  and  periodically 
shaken i  it  Is  then  cooled  and  the  bacteria  are  removed  by  centrifuging. 
A  drop  of  bromthymol  blue  Is  added  to  the  decantate  and  It  Is  neutral¬ 
ized  with  1/20  N  sodium  hydroxide  until  Its  color  changes  from  yellow 
to  greenish.  The  precipitate  produced  during  neutralization  Is  removed 
by  centrifuging.  The  extracts  are  tested  by  precipitation  with  group 
sera  In  test-tubes  2-3  mm  In  diameter  or  in  capillary  tubes.  The  un¬ 
diluted  extract  is  overlayered  on  undiluted  sera  of  different  groups. 
The  reaction  Is  evaluated  after  no  more  than  15  min.  later  evaluation 
may  permit  cross-reactions  with  sera  of  other  groups.  The  reaction  is 
regarded  as  positive  when  a  grayish-white  ring  appears  at  the  boundary 
between  the  two  layers.  The  hydrochloric-acid  extracts  are  simultan¬ 
eously  tested  with  nonnal  rabbit  Berum  as  a  control.  The  group  sera 
must  be  preliminarily  tested  with  extracts  prepared  from  Streptococci 
of  different  groups.  Both  direct  tests  (with  the  homologous  strain)  and 
cross  tests  (with  Btralns  of  other  groups)  should  be  conducted,  in  or¬ 
der  to  establish  whether  or  not  the  sera  give  cross- reactions. 

Determination  of  type  of  Streptococcus.  Determination  of  the  type 
of  Streptococcus  at  hand  Is  significant  in  epidemiological  analyses 
conducted  to  determine  the  source  of  an  Infection. 

This  determination  is  made:  l)  In  an  agglutination  reaction  on 
slides  by  Griffiths's  method  (reaction  between  antigen  T  and  T  anti¬ 
bodies  and  partially  between  substance  M  and  M  antibodies);  2)  in  a 
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precipitation  reaction  by  Lensfield's  method  (reaction  between  sub¬ 
stance  M  and  M  antibodies). 

The  latter  method  also  permits  determination  of  the  virulence  of 
the  strain,  since  presence  of  substance  M  in  a  culture  indicates  that 
it  is  virulent. 

a)  Agglutination  reaction  on  slides.  The  following  modification 
of  Griffiths's  method  can  be  employed  for  determining  the  type  of  a 
Streptococcus. 

The  vaccine  is  prepared  and  animals  immunized  to  obtain  type  sera 
by  the  same  method  used  to  produce  group  sera.  The  Immunization  should 
however,  be  more  prolonged  (3-4  cycles  at  2-week  intervals).  The  sera 
can  be  stored  for  more  than  3  years  in  liquid  form. 

The  sera,  diluted  with  0.8556  sodium  chloride  solution  (from  1:50 
to  1:1200  or  more),  are  titrated  with  cultures  of  the  homologous  types 
in  agglutination  reactions  on  slides. 

The  sera  are  diluted  in  test-tubes  and  each  dilution  is  applied 
to  a  slide.  Sera  diluted  to  one-fourth  of  the  maximum  tltre  are  used 
in  typing  strains,  since  they  usually  give  cross-reactions  in  lower 
dilutions. 

In  order  to  obtain  a  homogeneous  suspension  a  culture  raised  on 
blood  broth  at  37°  for  24  hr  is  transferred  to  salt-free  meat-infusion 
broth,  incubated  at  22°  for  48  hr,  and  centrifuged;  the  supernatant  is 
discarded  and,  after  thorough  shaking,  the  suspension  is  used  for  the 
agglutination  reaction. 

Single  drops  of  the  various  types  of  sera  are  mixed  with  drops  of 
the  bacterial  suspension  on  slides.  The  reaction  is  evaluated  after  the 
slides  have  been  rocked  for  15-20  min. 

The  suspension  lc  tested  with  nonimmune  rabbit  serum  as  a  control. 

b)  Precipitation  reaction  with  type  sera  (modification  of  Lens- 
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field's  method  employed  at  the  Institute  of  Epidemiology  and  Microbio¬ 
logy  lmenl  H.P.  Gamaleya,  Academy  of  Medical  Sciences  USSR). 

The  sera  are  prepared  by  immunizing  rabbits  with  type  strains  con¬ 
taining  substance  M.  The  animals  are  immunized  with  heat-killed  vaccine 
for  2  weeks  and  then  with  a  live  culture  for  2  weeks.  No  fewer  than  4 
Immunization  oycles  should  be  conducted.  The  sera  are  adsorbed  on  a 
suspension  of  type  I  Streptococci  and  autoclaved  fcr  li  hr  at  130° 
(substance  C  survives  autoclaving,  while  substances  M  and  T  are  decom¬ 
posed).  A  total  of  360  billion  bacteria  is  added  to  1  ml  of  serum  and 
the  mixture  is  placed  in  a  heater  at  37*  for  2  hr,  left  to  stand  at 
4°  for  18-20  hr,  and  centrifuged  to  remove  the  bacterial  mass.  The  ad¬ 
sorbed  sera  should  not  contain  group  antibodies  (should  not  give  an 
agglutination  reaction  with  an  autoclaved  culture  or  a  precipitation 
reaction  with  hydrochloric-acid  extracts  of  cultures  of  heterologous 
types). 

The  sera  retain  T  and  M  antibodies  and  consequently  agglutinate 
with  live  cultures  of  the  homologous  type  and  precipitate  with  hydro- 
-uloric-acld  extracts  of  homologous  cultures  containing  substance  M. 
Precipitation  reactions  are  set  up  between  a  hydrochloric-acid  extract 
of  the  culture  to  be  tested  and  adsorbed  sera  of  various  types.  A  posi¬ 
tive  reaction  with  one  of  the  type  sera  indicates  that  substance  M  is 
present,  since  hydrochloric-acid  extracts  do  not  contain  substance  T. 

The  preparation  of  the  hydrochloric-acid  extracts  and  the  set-up 
and  evaluation  of  the  reactions  are  described  on  page  753. 

Serological  Investigation 

I 

Determination  of  streptococcal  antigens  in  the  patient's  body  can 
be  employed  to  detect  streptococcal  infections  of  various  nosological 
types. 

Determination  of  streptococcal  antigens  in  blood  by  the  comple- 
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ment-fixation  reaction  (CPR)  under  refrigeration,  using  serum  from  a 
rabbit  immunized  with  a  streptococcal  culture  (V.I.  Ioffe),  has  been 
employed  by  a  number  of  investigators  in  various  modifications  for 
studying  streptococcal  infections  such  as  scarlet  fever,  angina,  rheu¬ 
matic  fever,  nephritis,  etc.  The  animals  are  lsmunlzed  by  the  same 
method  used  for  producing  group  sera  and  vaccine  from  group  A  Strepto¬ 
cocci.  Tt.e  sera  should  contain  a  high  tltre  of  group  antibodies  (undi¬ 
luted  serum  should  give  a  positive  precipitation  reaction  with  a  hydro¬ 
chloric-acid  extract  of  group  A  Streptococcus  diluted  to  1:600  or  more). 
It  is  necessary  to  dry  the  serum  by  the  lyophilic  method,  sine*1  it  will 
otherwise  become  anticomplementary  during  storage.  Its  tltre  is  deter¬ 
mined  by  a  complement-fixation  reaction  with  a  hydrochloric-acid  ex¬ 
tract  prepared  from  group  A  Streptococcus  in  the  manner  described  above. 
Different  serum  dilutions  are  tested  with  different  hydrochloric-acid 
extract  dilutions.  The  antigens  in  a  patient's  blood  are  determined 
with  Immune  serum  in  that  dilution  at  which  it  reacts  with  the  highest 
hydrochloric-acid  extract  dilutions  and  is  still  anticomplementary. 

In  detemining  antigens  the  patient's  Berum,  in  different  dilu¬ 
tions  or  a  single  dilution,  is  tested  with  rabbit  serum  in  a  comple¬ 
ment-fixation  reaction  under  refrigeration.  The  patient’s  serum  (anti¬ 
gen)  should  be  freshly  prepared  or  dried  by  the  lyophilic  method.  As 
a  control  this  serum  is  tested  with  nonimmune  rabbit  serum  taken  in  the 
same  dilution  as  the  lmnune  rabbit  serum.  The  complement-fixation  reac¬ 
tion  is  evaluated  as  soon  as  hemolysis  develops  in  the  control  tubes. 

The  reaction  is  set  up  under  refrigeration  with  1,  1.5,  and  2  doses  of 
complement  or  only  with  1.5  doses. 

Streptococcal  antigens  in  the  urine  (I.M.  Iyampert)  are  determined 
by  precipitating  the  patient's  urine  with  a  set  of  antistreptococcal 
sera  (the  16  types  most  frequently  encountered  in  scarlet  fever  and 
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angina  In  the  Soviet  Union). 

The  animals  are  Immunized  over  a  period  of  no  less  than  3-^  months, 
following  the  scheme  described  above  for  production  of  typospecific  se¬ 
ra. 

A  morning  portion  of  urine  clarified  by  centrifuging  is  used  for 
the  test.  When  antigens  are  present  a  positive  precipitation  reaction 
is  obtained  with  one  of  the  type  sera  when  undiluted  urine  is  overlay¬ 
ered  on  undiluted  sera.  The  reaction  is  evaluated  after  incubation  at 
room  temperature  for  1  hr. 

Antigens  are  detected  in  the  urine  of  virtually  all  scarletina 
patients  during  the  first  few  days  of  illness.  This  method  can  be  used 
to  differentiate  scarletina  fran  scarletinous  rubella  and  allergic 
phenomena  (drug  rashes).  Its  principal  drawback  is  the  fact  that  posi¬ 
tive  reactions  occur  in  streptococcal  angina  and  in  a  substantial  per¬ 
centage  of  cases  of  diphtheria,  which  is  often  conjoined  with  a  strep¬ 
tococcal  infection. 

Determination  of  antlhyaluronldase  and  antl-O-streptolyBln  in  a 
patient's  blood.  Determination  of  the  anti-O-streptolysin  and  antihy- 
aluronldase  content  of  the  blood  is  employed  for  diagnosing  and  eval¬ 
uating  the  activity  of  rheumatic  fever.  This  disease  can  be  more  clear¬ 
ly  differentiated  from  other  streptococcal  infections  by  the  antihy- 
aluronidase  level  than  the  antl-O-streptolysin  level. 

Determination  of  anti-O-streptolysin  and  antlhyaluronldase  can  be 
employed  to  differentiate  rheumatic  fever  from  infectious  polyarthritis, 
septic  endocarditis,  and  cardiac  damage  caused  by  various  infections, 
as  well  as  to  evaluate  the  activity  of  the  process.  These  procedures 
can  be  employed  for  practical  purposes  by  using  dry  concentrated  pre¬ 
parations  of  0-streptoly3ln  and  hyaluronldase  (Institute  of  Epidemio¬ 
logy  and  Microbiology  irneni  Oameleya,  Academy  of  Medical  Sciences  USSR). 
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1)  Method  fop  determination  of  antihyaluronidaae  (aee  instimctions 
for  preparation  and  use  of  hyalurcnidase).  Streptococcal  hyaluronidase 
is  an  enzyme  concentrated  by  precipitation  from  culture  filtrates  and 
freeze-dried;  it  is  titrated  by  comparison  with  the  antihyaluronidaae 
standard  prepared  by  the  State  Control  Institute.  The  activity  of  the 
preparation  is  expressed  in  experimental  doses,  one  experimental  dose 
being  the  greatest  quantity  of  hyaluronidase  which  is  completely  neu¬ 
tralized  when  mixed  with  1  AHiyS  of  the  antihyaluronidase  standard  pre¬ 
pared  by  the  State  Control  Institute  and  which  does  not  prevent  coag¬ 
ulation  of  a  working  dose  of  hyaluronic  acid  acidified  with  acetic  acid. 
The  AEHyS  is  the  unit  of  the  antihyaluronidase  standard  prepared  by  the 
State  Control  Institute. 

Various  dilutions  of  the  patient's  serum  are  mixed  with  one  exper¬ 
imental  dose  of  hyaluronidase  and  one  working  dose  of  hyaluronic  acid. 
The  latter  is  prepared  from  the  umbilical  cords  of  newborn  infants.  The 
working  dose  Is  selected  by  determining  the  relative  viscosity  of  the 
hyaluronic  acid  in  comparison  with  distilled  water  (Mogilevskiy). 

When  the  serum  contains  antihyaluronidase  clots  form  in  the  test- 
tubes  on  acidification  with  acetic  acid.  The  tube  with  the  least  quan¬ 
tity  of  serum  in  which  the  hyaluronic  acid  coagulates  to  no  less  than 
++  contains  1  AEHyS. 

Method  of  determining  antl-O-streptolysln  (see  instructions  for 
preparation  and  use  of  streptolysin  0). 

Streptolysin  0  is  a  preparation  concentrated  by  precipitation 
with  armonium  sulfate  from  culture  filtrates;  It  is  freeze-dried  with 
a  reducing  agent. 

The  preparation  is  titrated  by  ccmparison  with  a  anti-O-strepto- 
lysln  standard.  Its  activity  is  expressed  in  working  doses  per  ml  of 
preparation,  the  latter  being  diluted  in  accordance  with  the  instruc- 
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tlons  on  the  packing  slip. 

The  working  dose  Is  assumed  to  be  the  greatest  quantity  of  strep¬ 
tolysin  0  which  Is  completely  neutralized  when  mixed  with  i  AEStO  of 
antistreptolysin  standard  and  which  does  not  hemolyze  0.2  ml  of  a  5% 
rabbit-erythrocyte  suspension. 

The  AEStO  is  the  unit  of  anti-O-streptolysin  standard,  equaling 
the  International  antl-O-streptolysln  unit.  Various  dilutions  of  the 
patient' 8  serum  In  a  phosphate  buffer  solution  at  pH  6. 3-6. 7  are  mixed 
with  one  working  dose  of  streptolysin  0  and  0.2  ml  of  a  5#  rabbit-ery¬ 
throcyte  suspension.  Hemolysis  does  not  occur  when  the  blood  contains 
antistreptolysin.  The  tube  with  the  least  quantity  of  serum  In  which 
marked  retardation  of  hemolysis  takes  place  (+  hemolysis)  contains  i 
AEStO. 

Evaluation  of  results  obtained.  An  antihyaluronidase  titre  of  up 
to  300  AIHyS  may  be  detected  in  essentially  healthy  persons.  A  slight 
(up  to  500  AIHyS)  or  moderate  (to  600-700  AEHyS)  increase  may  occur  in 
a  number  of  streptococcal  diseases,  principally  toward  the  end  of  the 
illness  and  in  convalescence. 

Active  rheumatic  fever  Is  characterized  by  high  antihyaluronidase 
titres  (800-1000  or  more  AEHyS)  during  the  first  few  days  of  illness. 
Persons  convalescing  from  acute  streptococcal  Infections,  especially 
chronic  tonsillitis  accompanied  by  high  antihyaluronidase  levels  for 
several  months,  must  be  suspected  of  having  rheumatic  fever  when  other 
laboratory  and  clinical  indications  are  present. 

An  anti-O-streptolysin  titre  of  up  to  250  AEStO  per  ml  is  observed 
in  essentially  healthy  persons  (the  titres  are  given  in  international 
units;  one  international  unit  equals  two  of  the  units  previously  used 
in  certain  clinics  and  laboratories). 

Elevated  anti-O-streptolysin  titres  indicate  that  the  patient  has 
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had  a  streptococcal  Infection.  These  antibodies  reach  especially  hign 
titres  In  rheumatic  fever  and  nephritis,  two  diseases  which  are  char¬ 
acterized  by  detection  of  high  anti-O-streptolysin  titres  (500  AEStO 
or  more)  during  the  first  few  days  of  illness,  a  phenomenon  which  can 
be  used  as  a  diagnostic  aid. 

High  antihyaluronidase  and  anti-O-streptolysin  levels  make  it 
possible  to  differentiate  rheumatic  fever  from  rheumatoid  polyarthritis 
and  septic  endocarditis,  in  which  these  levels  are  relatively  low,  and 
from  cardiac  damage  not  associated  with  streptococcal  infections. 

Determination  of  antibodies  can  be  employed  for  evaluating  the 
activity  of  the  rheumatic  process  during  the  period  between  attacks, 
in  selecting  patients  for  surgery  to  treat  rheumatic  heart  defects, 
and  for  detecting  latent  rheumatic  fever  In  prophylactic  examinations 
of  school  children,  pregnant  women,  and  other  groups. 

Determination  of  C-reactlve  protein  (CRP).  CRP  appears  in  the 
blood  in  rheumatic  fever,  other  infections,  and  certain  nonlnfectious 
diseases  (myocardial  infarct,  malignant  tumors,  cirrhosis  of  the  liver, 
etc.).  CRP  was  discovered  by  Tillet  and  Francis  in  the  blood  of  pa¬ 
tients  with  croupous  pneumonia,  using  a  precipitation  reaction  with 
the  somatic  pneumococcal  C-polysaccharide  in  the  presence  of  a  Ca++ 
salt,  whence  the  name  C-reactive  protein. 

Appearance  of  CRP  in  the  blood,  cerebrospinal  fluid,  and  exudates 
is  an  indication  that  a  pathological  process  associated  with  inflam¬ 
mation  and  necrosis  of  the  tissues  Is  taking  place  in  the  body.  It 
disappears  on  recovery.  Appearance  of  CRP  in  the  blood  is  a  nonspecific 
acute-phase  reaction  and  can  be  utilized  for  evaluating  the  activity 
of  the  rheumatic  process.  CRP  is  detected  during  the  first  few  days  of 
illness  (the  acute  period  of  rheumatic  fever)  and  is  not  observed  dur¬ 
ing  the  period  between  attacks,  when  no  active  process  is  present.  At 
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the  end  of  an  attack  the  CRP  normally  disappears  before  the  sedimenta¬ 
tion  rate  Is  normalized.  Determination  of  the  CRP  level  Is  of  especial 
value  In  evaluating  antirheumatic  therapy  and  In  selecting  rheumatic- 
fever  patients  for  surgery  to  correct  cardiac  defects. 

CRP  can  be  detected  by  a  precipitation  reaction  with  somatic 
pneumococcal  C-polysaccharide  or  by  a  capsule-distension  reaction  with 
Pneumococci.  Determination  of  CRP  with  serum  frcm  animals  (rabbits  or 
sheep)  Immunized  with  CRP  is  the  more  sensitive  reaction. 

Method  of  determining  CRP.»  CRP  antiserum  is  obtained  by  immuniza¬ 
tion  of  rabbits  (the  CRP  is  isolated  from  serous  exudates  taken  from 
lymphogranulomatosis  patients,  treated  with  alcohol,  and  precipitated 
with  Cx  pneumococcal  polysaccharide). 

The  precipitation  reaction  with  specific  serum  is  set  up  in  cap¬ 
illary  tubes  (0.4  x  90  mm),  which  are  filled  1/3  full  of  antiserum  and 
1/3  full  of  the  patient's  serum.  The  ends  of  the  tubes  are  gripped  in 
the  fingers  and  they  are  shaken  and  placed  in  a  vertical  position  in  a 
rack  (as  in  determination  of  the  sedimentation  rate).  A  preliminary 
evaluation  of  the  reaction  is  made  after  incubation  at  37°  for  2  hr  and 
a  final  evaluation  is  made  after  the  tubes  have  stood  overnight  in  a 
refrigerator. 

When  CRP  is  present  in  the  patient's  serum  a  precipitate  forms, 
the  amount  depending  on  the  quantity  of  CRP  in  the  serum.  A  sediment 
1  mm  deep  is  evaluated  as  +,  2  mm  deep  as  ++,  3  mm  deep  as  +++,  and 
4  mm  or  more  deep  as  ++++. 

The  micromethod  can  be  employed  for  determining  CRP  by  the  preci¬ 
pitation  reaction.  The  blood  is  taken  frcm  a  finger,  the  lobe  of  the 
ear,  or  the  heel  with  a  capillary  tube.  The  lower  end  of  the  tube  is 
sealed  by  inserting  it  vertically  into  wax,  paraffin,  or  plastellne. 
After  the  blood  has  coagulated  it  is  centrifuged  and  the  supernatant 
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drawn  off  with  a  capillary  tube.  The  serum  is  used  for  the  reaction. 

The  precipitation  reaction  with  antiserum  makes  it  possible  to  de¬ 
tect  as  little  as  0.01  mg/ml  of  CRP.  A  still  more  sensitive  method  Is 
the  complement-fixation  reaction  with  specific  serum. 

CRP  can  be  determined  in  an  agglutination  reaction  with  diagnostic 
serum,  which  consists  of  antiserum  adsorbed  on  latex.  When  the  test 
serum  contains  CRP  the  latex  particles  agglutinate  (Singer,  Plotz,  et 
al. ). 

Evaluation  of  results  obtained.  Detection  of  CRP  in  the  blood  in 
rheumatic  fever  indicates  that  the  process  is  active.  Rheumatism  cannot 
be  differentiated  from  rheumatoid  polyarthritis  in  this  manner,  Bince 
CRT  is  also  present  in  the  latter  cane.  Disappearance  of  the  CRP  from 
the  blood  during  a  rheumatic  attack  indicates  that  the  process  haB  im¬ 
proved  and  that  antirheumatic  therapy  has  been  effective.  Prolonged  de¬ 
tection  of  CRP  at  the  end  of  an  attack  is  a  poor  pronostic  sign,  since 
relapses  are  possible  in  such  cases.  It  should  be  taken  into  account 
that  the  reaction  may  sometimes  be  positive  in  cardiac  deficiency  ac¬ 
companied  by  symptoms  of  circulatory  disturbances  and  in  normal  preg¬ 
nancy. 

Determination  of  rheumatoid  factor  (KF)  ( Waaler-Rose' s  reaction). 
The  Waaler-RoLt  reaction  is  of  practical  value  for  differential  diag¬ 
nosis  of  rheumatic  fever  and  infectious  polyarthritis.  When  the  reac¬ 
tion  is  positive  the  patient's  serum  agglutinates  sheep  erythrocytes 
sensitized  with  antiserum  obtained  by  immunization  with  sheep  erythro¬ 
cytes.  A  positive  reaction  is  observed  in  60-95#  of  all  cases  of  in¬ 
fectious  polyarthritis  and  in  4-5#  of  all  cases  of  rheumatic  fever  a.n<! 
other  diseases  and  of  healthy  perBo*'-  'Heller,  1952,  1954;  Jacobson, 
1953;  A.  I.  Nesterov  et  al.  ;  V.I.  a  ).  Positive  reactions  are  ob¬ 
tained  somewhat  more  frequently  in  syf'illia,  hepatic  diseases,  and 
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helminthary  Invasions.  Such  reactions  may  also  be  obtained  in  the  par¬ 
ents  of  children  suffering  from  rheumatoid  arthritis,  even  when  they 
themselves  exhibit  no  clinical  symptoms  of  the  disease. 

A  positive  reaction  results  from  the  fact  that  the  blood  of  pa¬ 
tients  with  infectious  polyarthritis  contains  macroglobulins,  which 
are  apparently  autoantibodies  to  nornal  Y-globulin.  The  autoantibodies 
to  Y-globulln  react  with  serum  y-globulin  adsorbed  on  erythrocytes  when 
the  latter  are  treated  with  antiserum  containing  antibodies  to  sheep 
erythrocytes.  The  substances  found  in  the  blood  of  rheumatoid  arthritis 
patients  are  referred  to  as  the  rheumatoid  factor. 

Method  of  setting  up  the  Waaler-Rose  reaction.  The  sheep  erythro¬ 
cytes  are  stored  in  Olsver's  solution  (2.05  g  of  glucose,  0.8  g  of  so- 
dlun  citrate,  0.42  g  of  sodium  chloride,  and  0.55  g  of  citric  acid  are 
added  to  100  ml  of  distilled  water  and  the  solution  is  adjusted  to  pH 
6.1  by  alkalization  with  sodium  hydroxide  and  sterilized  at  110°  for 
10  min). 

Before  use  the  erythrocytes  are  washed  three  times  in  0.85#  sodium 
chloride  and  a  0.5#  suspension  is  made  up.  The  serum  for  sensitizing 
the  erythrocytes  is  prepared  by  immunizing  rabbits  with  sheep  erythro¬ 
cytes.  The  ability  of  the  serum  to  agglutinate  the  erythrocyte  suspen¬ 
sion  is  preliminarily  determined  by  testing  different  dilutions.  The 
maximum  serum  dilution  which  clearly  causes  the  erythrocytes  to  agglu¬ 
tinate  is  the  agglutination  titre.  The  erythrocytes  are  sensitized  at 
1/20  of  the  agglutination  titre,  i.e. ,  at  a  serum  dilution  which  will 
not  agglutinate  the  0.5#  erythrocyte  suspension  in  the  absence  of  serum 
from  rheumatoid  arthritis  patients. 

In  sensitizing  the  erythrocytes  equal  volumes  of  serum  diluted  to 
1/20  of  titre  and  of  the  0.5#  erythrocyte  suspension  are  mixed  a rrf  the 
mixture  is  left  to  stand  at  room  temperature  for  15  min.  The  test  sera 
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are  Inactivated  at  5 6®  for  30  min  and  adsorbed  on  unsensltized  sheep 
erythrocytes.  One  part  of  washed  erythrocytes  is  added  to  4  parts  of 
serum  diluted  to  1:4  and  the  mixture  is  left  to  stand  at  room  tempera¬ 
ture  for  3  hr  and  centrifuged ;  the  serum  is  drawn  off  from  the  erythro¬ 
cyte  residue.  The  completeness  of  adsorption  is  checked  by  testing  the 
resultant  sera  with  normal  unsensltized  sheep  erythrocytes. 

In  order  to  determine  the  rheumatoid  factor  the  patient's  serum 
is  diluted  to  1:10,  1:20,  1:40,  etc.,  after  being  adsorbed  on  the  ery¬ 
throcytes.  An  equal  volume  of  the  erythrocyte  suspension  is  added  to 
each  serum  dilution.  When  the  reaction  is  positive  the  erythrocytes 
agglutinate  after  being  incubated  at  37°  for  1  hr  and  standing  in  a 
refrigerator  for  16-18  hr. 

The  reaction  is  usually  negative  in  rheumatic  fever.  A  positive 
reaction  of  varying  intensity  (at  dilutions  of  from  1:10  to  1:1000  or 
more)  is  obtained  in  infectious  polyarthritis. 

There  are  modifications  of  this  reaction  more  convenient  for  prac¬ 
tical  U3e;  these  employ  diagnostic  sera  consisting  of  homogeneous  sus¬ 
pensions  of  latex  or  bentonite  particles  on  which  human  or  rabbit 
Y-globulin  has  been  adsorbed. 

Methods  for  detemlnatlon  of  antitoxic  immunity.  Antitoxic  immun¬ 
ity  is  determined  to  detect  persons  susceptible  to  scarlet  fever  and 
to  establish  the  antitoxic  Immunity  acquired  as  a  result  of  previous 
illness  or  active  immunization. 

The  Dick  reaction  (with  1  sd  of  toxin)  or  V. I.  Ioffe's  titration 
method  (skin  tests  with  1/10,  1/3,  1,  4,  and  10  sd  of  toxin)  is  used 
to  determine  antitoxic  immunity.  The  level  of  this  immunity  can  also 
be  established  by  titrating  the  antitoxin  In  the  blood. 

Procedure  for  setting  up  skin  tests.  The  toxin  for  skin  tests 
should  be  highly  purified.  Toxin  heated  at  100°  for  15  min  should  give 
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positive  skin  tests  in  no  more  than  2#  of  scarletina  convalescents, 
since  it  contains  only  a  small  amount  of  the  thermostable  fraction 
(Verzhukovskiy ) . 

Various  doses  of  purified  toxin  in  0.1  ml  of  solution  are  injected 
intracutaneously  into  the  underside  of  the  forearm.  A  separate  tubercu¬ 
lin  syringe  should  be  used  for  each  toxin  dilution  (the  syringes  and 
needles  are  boiled  for  no  less  than  30  min  and  the  needles  are  also 
boiled  for  no  less  than  30  min  after  each  injection;  before  use  both 
syringes  and  needles  are  rinsed  with  the  appropriate  toxin  dilution). 
The  reaction  is  evaluated  24  hr  after  the  toxin  is  administered. 

TABLE  58 

Evaluation  of  Antitoxic  Immunity  with 
the  Titration  Skin  Test  (after  V. I. 
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l)  Immunological  category;  2)  quantity  of  toxin,  sd;  3)  reaction  (+  or 
— )»  4)  evaluation  of  results;  5)  high  sensitivity  to  toxin;  6)  elevated 
sensitivity  to  toxin;  7)  low  sensitivity  to  toxin;  8)  minimal  antitoxic 
inanunity;  9)  pronounced  antitoxic  immunity  (detected  in  the  overwhelm¬ 
ing  majority  of  scarletina  convalescents);  10)  high  immunity  (detected 
in  half  of  scarletina  convalescents). 


Evaluation  of  results  obtained.  The  reaction  is  regarded  as  posi¬ 
tive  when  an  erubescence  more  than  10  mm  in  diameter  develops.  Hyperemia 
less  than  2  cm  in  diameter  is  evaluated  as  +,  from  2  to  3  cm  as  ++,  and 
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from  3  to  4  cm  as  -H-+.  V.I.  Ioffe  (1938,  1948)  and  Ittslgson  (1940, 
1953)  suggested  the  evaluation  scheme  shown  in  Table  58. 

The  incidence  of  scarlet  fever  Is  0.9#  when  the  reaction  at  1  sd 
is  negative,  5 .658  when  the  reaction  at  1  sd  is  positive,  and  17  and 
23#  when  the  reactions  at  1/5  and  1/10  sd  respectively  are  positive. 

Method  of  determining  antitoxin  in  blood.  The  antitoxin  in  the 
blood  is  titrated  on  the  skin  of  rabbits  of  the  chinchilla  strain 
weighing  more  than  3-5  leg  and  having  white  skin  which  develop  a  pro¬ 
nounced  erythema  15-25  nun  in  diameter  when  given  one  skin  dose  of 
standard  toxin.  When  the  reaction  at  1  sd  is  weak  or  when  a  reaction 
is  obtained  at  0.1  sd  the  animal  is  unsuitable  for  titration.  Each  se¬ 
rum  is  titrated  in  2  or  3  rabbits  at  the  same  time.  The  Injections  are 
given  in  the  back,  1-1. 5  cm  from  the  spinal  column,  beginning  at  the 
upper  margin  of  the  scapula  and  ending  at  the  upper  margin  of  the  pel¬ 
vis.  Titration  is  carried  out  with  respect  to  1  sd  of  standard  scar- 
letlna-streptococcal  toxin  prepared  by  the  State  Control  Institute  by 
comparison  with  the  standard  serum  produced  by  this  Institute.  One  unit 
of  standard  serum  neutralizes  100  sd  of  standard  scarletina  toxin. 

The  test  sera  are  diluted  to  1:5,  1:10,  1:20,  etc.,  with  0.85% 
sodium  chloride.  The  standard  serum  is  diluted  to  a  content  of  1/100 
unit  in  0.05  ml.  The  diluted  standard  toxin  should  contain  1  sd  In 
0.05  ml.  The  diluted  test  sera  and  standard  serum  are  mixed  with  equal 
volumes  of  the  diluted  standard  toxin.  The  following  mixtures  are  pre¬ 
pared  as  controls:  1)  diluted  toxin  and  an  equal  volume  of  O.8558  sodium 
chloride;  2)  the  lowest  test-serum  dilution  and  an  equal  volume  of 
0.8558  sodium  chloride;  3)  diluted  toxin  and  an  equal  volume  of  diluted 
standard  serum.  The  mixtures  are  Incubated  at  37°  for  1  hr  and  admin¬ 
istered  lntracutaneously  to  the  rabbits.  The  reaction  is  evaluated 
after  24  hr.  Since  1/100  unit  1  sd,  the  greatest  serum  dilution  which 
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neutralizes  the  standard  toxin  should  contain  no  less  than  1/100  unit. 
The  serum  dilution  is  determined  by  establishing  the  number  of  units 
per  ml  of  undiluted  serum.  The  reaction  cannot  be  evaluated  when  there 
is  no  reaction  with  the  standard  toxin  (control  No.  l),  when  erubes- 
cence  develops  as  a  result  of  administration  of  the  test  serum  without 
toxin  (control  No.  2),  and  when  1  sd  of  standard  toxin  is  not  neutral¬ 
ized  by  0.01  unit  of  standard  serum  (control  No.  3). 

Evaluation  of  results  obtained.  Stable  antitoxic  immunity  is  char¬ 
acterized  by  a  content  of  1-2  units  per  cm^  of  serum,  a  content  of  5 
units  or  more  indicating  a  high  immunity  (I. I.  Levin  and  V. I.  Ioffe). 

Use  of  skin  reactions  with  toxin  and  allergen  for  diagnosing  scar¬ 
let  lna.  Certain  authors  determine  the  increase  in  antitoxic  immunity 
and  sensitivity  to  the  thermostable  allergen  fraction  in  diagnosing 
latent  and  ambiguous  cases  of  scarletina  (V. I.  Ioffe,  1948).  The  pa¬ 
tient  Is  given  1/3  and  1  skin  dose  of  toxin  lntracutaneously  during 
the  first  few  days  of  illness  and  1,  4,  and  10  sd  at  later  times  (lar¬ 
ger  doses  should  be  used  at  the  beginning  for  older  children).  The 
thermostable  fraction  is  injected  lntracutaneously  at  the  same  time. 

Scarletina  is  characterized  by  negative  skin  tests  to  increasing 
toxin  doses  and  by  an  increase  In  allergen  sensitivity. 

DISEASES  CAUSED  Bi  CAPSULAR  BACTERIA 

Prof.  B.Ya.  El'bert,  Honored  Scientist  of  the  BSSR 

The  genus  Klebsiella  (family  Enterobacteriaceae)  Includes  a 
broad  group  of  immobile  gram-negative  bacilli,  which  usually  have  cap¬ 
sules,  do  not  form  spores,  and  produce  a  mucoid  layer  on  nutritive 
media.  The  principal  species'  of  this  genus  are  Frisch  and  Volkovich’s 
Bacillus  sclercmatis  (rhinoscleromat is ) ,  or  Klebsiella  scleromatis 
(rhinoscleromatls) ,  Abel  and  Lewenberg's  Bacillus  ozaenae,  or  Klebsiel¬ 


la  ozaenae,  and  Friedlander 's  bacillus,  or  Klebsiella  pneumoniae;  Es- 
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cherich's  gas-forming  capsular  bacillus  ABrobacter  afe'rogenes,  or  Kleb¬ 
siella  aSrogenes,  El'bert's  non fermenting  capsular  bacillus,  or  Kleb¬ 
siella  anfermentans  (possibly  Identical  to  Plen’s  Bacterium  clprlnlc- 
lda),  and  the  capsular  bacilli  described  by  Dimoch  and  Edwards  (Kleb¬ 
siella  genitallum  (synonymous  with  Encapsulatus  genltallumj)  and  by 
Balla3,  Thomas,  and  Cane  (Klebsiella  paralytica)  have  been  described 
but  not  Included  In  the  International  classification. 

Capsular  bacteria  are  found  In  the  nasal  and  oral  mucous  of  pa¬ 
tients  with  scleroma  and  ozena,  In  the  respiratory  excreta  and  pulmon¬ 
ary  tissues  of  patients  with  Priedlander's  pneumonia,  In  the  urine  In 
Infections  of  the  urinary  tract.  In  human  excrement,  and  In  environmen¬ 
tal  objects  (on  the  leaves  of  plants.  In  soil  and  water  samples,  etc.). 
Morphology  of  capsular  bacteria 

Bacteria  of  the  capsular  group  are  short  rods  with  rounded  ends 
2-3  u  long  and  0.5-1  p.  wide,  occurring  singly  and  often  In  uairs.  They 

have  no  flagella  and  do  not  form  spores.  The 
mucoid  form  Is  enclosed  In  a  broad  oval  or 
circular  capsule,  which  Is.  easily  visible  In 
Ink  preparations  (Pig.  81).  Various  tech¬ 
niques  have  been  proposed  for  staining  this 
capsule  (see  page  52). 

1.  Smears  are  air-dried  but  not  fixed, 
stainea  with  1#  aqueous  crystal  violet  under 
refrigeration,  rinsed  with  20#  aqueous  cop¬ 
per  sulfate,  and  dried  with  filter  paper. 

2.  A  drcp  of  India  ink  Is  applied  to  a 
slide  with  a  loop  and  mixed  with  an  equal 
quantity  of  water;  a  small  amount  of  an  agar 

or  broth  culture  Is  Introduced  into  the  resultant  liquid  with  a  plati- 
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Fig.  8l.  Mucoid  foims 
of  K.  scleromatls.  Ink 
preparation  with  sup¬ 
plemental  staining. 


num  loop  and  the  two  are  thoroughly  mixed.  A  smear  is  prepared  with  a 
polished  slide,  following  the  procedure  used  for  blood  smears.  After 
air-drying  the  smear  is  fixed  in  methyl  alcohol  for  3  min  or  in  concen¬ 
trated  mercuric  chloride  for  1  min  and  stained  with  carbol  thionine  or 
carbol  fuchsln  for  5-10  min.  The  capsule  is  clearly  defined  in  such  an 
ink  preparation,  the  bacterial  soma  being  stained. 

Since  tne  capsular  substance  has  a  weak  affinity  for  solutions  of 
anallne  dyes,  which  are  easily  washed  off, the  capsule  is  stained  by 
treating  the  preparation  with  ethyl  or  methyl  alcohol  mixed  with  acetic 
acid  and  salts  of  certain  heavy  metals. 

Biology  of  capsular  bacteria:  cultural  characteristics 


Capsular  bacteria  grow  and  multiply  well  on  simple  nutritive  media. 
They  utilize  ammonium  salts,  glucose,  or  lactic  acid  as  sources  of  the 
nitrogen  and  carbon  necessary  for  protein  synthesis.  Strains  of  K. 
scleromatis  assimilate  glucose,  levulcse,  galactose,  maltose,  mannitol, 
sucrose,  raffinose,  arabinose,  mannose,  starch,  dextrin,  inositol,  and 
salycin,  as  well  as  certain  organic  salts  (sodium  citrate,  levo  and 
dextro  sodium  succinate,  and  sodium  mucate)  in  synthetic  media  under 
aerobic  conditions  (El'bert). 

In  assimilating  the  aforementioned  substances  K,  scleromatis  and 
K.  ozenae  form  acids  but  no  gaseous  metabolic  products,  in  contrast  to 
the  majority  of  strains  of  Friedlander ' s  bacillus,  which  form  both 
acids  and  gases.  Of  all  the  capsular  bacteria  only  K.  scleromatis  forms 
a  large  quantity  of  alkali,  raising  the  medium  pH  to  7.7,  or  leaves  the 
reaction  of  the  medium  unchanged  when  raised  in  peptone  water  contain¬ 
ing  IX  lactose.  All  the  other  species  of  Klebsiella,  except  K.  anfer- 
mentans,  acidify  peptone  water  containing  lactose  tc  pH  ^.35  or  less. 

In  determining  the  enzymatic  activity  of  Klebsiella,  the  investigator 
can  limit  himself  to  three  carbohydrates  -  lactose,  glucose,  and  su- 
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crose  {Ta*-le  59). 


The  biochemical  criteria  for  assigning  a  strain  of  capsular  bac- 
TABLE  59 

Enzymatic  Properties  of  Bacteria  of  the  Genus 
Klebsiella 
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teriun  to  the  species  K.  scleromatis  are:  1)  does  not  decompose  lac¬ 
tose;  2)  usually  decomposes  all  carbohydrates  and  alcohols  except  ery- 
thritol,  dulcitol,  inulin,  and  melezitose  to  form  a  acid  but  no  gas; 

3)  does  not  decompose  amygdaline,  salts  of  tartaric  acid,  or  sodium 
citrate;  *»)  decomposes  sucrose  to  form  an  acid  after  3-^  or  more  days. 
Fermentation  of  sugars  must  be  observed  over  a  period  of  seven  days, 
noting  the  results  daily. 

K.  scleromatis  and  other  capsular  bacteria  do  not  decompose  tryp¬ 
tophan  and  do  not  form  indole. 

On  solid  nutritive  media  with  a  neutral  or  slightly  alkaline  re¬ 
action  capsular  bacteria  product  typical  viscous  convex  colonies, 
which  o'tcr  merge  to  form  a  continuous  mucoid  layer  with  a  motner-of- 
pearl  lustre.  Clear,  round  nonmucoid  colonies  with  a  bluish  tint. 
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i.e.,  noncapsular  (S)  and  rough  (R)  colonies,  are  sometimes  found  a- 
mong  the  mucoid  (M)  colonies.  Formation  of  nonmucoid  S  colonies  can 
be  observed  on  microscopic  examination  of  young  colonies  3-^  hr  af¬ 
ter  culturing  on  Petri  dishes  containing  meat-infusien  agar,  as  well 
as  maaroscopical iy  after  exposure  of  a  mucoid  culture  to  specific  bac¬ 
teriophage,  immune  serum,  antibiotics  (gramicidin),  or  bovine  bile. 
Figure  82  shows  the  character  of  young  colonies  of  K.  scleromatis. 
Microscopic  examination  of  young  colonies  on  meat-infusion  agar  makes 
it  possible  to  establish  whether  a  capsular  bacterium  belongs  to  one  of 
the  species  of  the  genus  Klebsiella.  This  method  Is  based  on  the 
characteristics  of  the  division  of  the  bacteria  during  reproduction. 

K.  scleromatis  is  characterized  by  young  colonies  with  a  concentric 
form, K.  ozaenae  by  a  aif fuse-ocncentric  form,  Friedlander ' s  bacillus 
by  a  loop-like  form,  Aerobacter  aerogenes  by  a  terrace-like  form,  K. 
anfermentans  by  a  stellate  form,  f-iucosur.  vulgaris,  a  variant  of  K. 
scleromatis,  by  a  stellate-concentric  form. 

Young  colonies  can  be  isolated  with  a  special  needle  for  produc¬ 
tion  of  pure  cultures. 

As  a  result  of  their  domed  shape  and  considerable  mucus  produc¬ 
tion  mature  colonies  of  capsular  bacteria  cannot  be  subjected  to  thor¬ 
ough  microscopic  examination.  At  the  same  time,  the  architectonic  char¬ 
acteristics  of  flat  young  aggregates  of  capsular  bacteria  are  rather 
easily  distinguished.  For  this  purpose  a  small  drop  of  a  2*t-hr  broth 
culture  is  spread  over  the  surface  of  meat-infusion  agar  in  a  Petri 
dish  with  a  Pasteur  pipette  bent  at  an  obtuse  angle.  The  dish  is  then 
incubated  in  a  heater  at  37°  for  2-3  hr  and  left  to  stand  overnight  at 
room  temperature.  A  rectangular  strip  of  agar  is  cut  from  that  in  the 
dish  with  a  flamed  lancet  and  placed  on  a  slide.  A  50-100-candlepower 
electric  bulb  is  used  as  the  light  source  for  examination,  stopping 
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down  the  condenser  diaphragm.  The  preparation  ia  inspected  first 
with  a  low-power  objective  and  then  with  a  ^0-power. 


Pig.  o 2.  Micro3tructure  of  young  colonies  cf  capsular  bacteria  on 
meat-infusion  agar.  1)  Concentric  (K.  scleromatis) ;  2)  terrace-like 
(Aerobacter  aerogenes);  3)  diffuse-concentric  (K.  ozaenae);  4)  loop¬ 
like  (K.  pneumoniae);  5)  stellate  (K.  anfermentans) ;  6)  radial-con¬ 
centric  (K.  scleromatis,  variant  Mucosus  vulgaris) (after  V.Ya.  El'- 
bert ) . 


Under  natural  conditions  the  only  source  of  infectious  scleroma 
is  apparently  scleroma  patients  in  prolonged  and  Intimate  contact 
with  healthy  persons.  At  the  same  time,  carriers  of  K.  scleromatis 
are  not  observed  among  healthy  individuals,  even  those  in  close  con¬ 
tact  with  patients,  although  this  bacterium  is  detected  in  cultures 
of  the  nasal  and  pharyngeal  mucus  in  951  of  patients.  Thus,  even 
though  it  is  the  causative  agent  of  the  pathological  process  in  ques¬ 
tion,  the  virulence  of  this  bacterium  is  very  low.  It  is  possible  that 
development  cf  the  process  requires  the  individual's  reactivitj  to  meet 
certain  as  yet  undetermined  conditions  associated  with  a  deficit  of 
certain  factors  (trace  elements,  vitamins,  etc,). 

It  has  been  suggested  that  K.  scleromatis  only  breaks  the  ground 
for  the  true  causative  agent,  which  has  not  as  yet  been  discovered. 

The  fact  that  scleroma  is  ir*  clearly  contagious  has  given  rise  to  the 


view  that  the  bacterium  detected  in  the  mucu3  and  tissues  of  the  up¬ 
per  respiratory  passages  is  unable  to  produce  morbidity  in  man,  being 
a  nonpathogenic  variant  of  K.  scleromatis . 

Resistance  to  physical  and  chemical  agents 

K.  scleromatis  is  the  least  resistant  of  the  capsular  bacteria. 
An  important  differential-diagnostic  characteristic  of  the  microbe 
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is  its  inability  to  withstand  the  action  of  bovine  bile,  which  is  in 
contrast  to  the  other  species  of  the  genus  Klebsiella.  K.  scleromatis 
is  differentiated  from  other  capsular-  bacteria  by  inoculating  agar 
mixed  half-and-half  with  bile  with  a  drop  of  a  broth  culture;  K.  scler¬ 
omatis  dues  not  grew  on  this  r.euiua,  while  other  capsular  bacteria 
produce  a  luxuriant  growth  (Kl’bert). 
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Cltral  has  a  bactericidal  action  on  X.  scleromatls  In  a  dilution 
of  1:5000,  on  Prledlander ' s  bacillus  In  a  dilution  of  1:3000,  and  on 
K.  ozaenae  and  Aercbacter  aerogenes  In  a  dilution  of  1:1000. 

K.  scleromatls  does  not  grow  when  0.1  ml  of  broth  containing  1 
million  cells  Is  cultured  on  an  agar  slant  with  a  cltral  concentra¬ 
tion  of  1:10,000.  The  other  bacteria  of  the  capsular  group  grow  well 
under  these  conditions.  The  growth  of  capsular  bacteria  In  broth  is 
arrested  after  18  hr  at  the  following  cltral  concentrations:  K.  sclero 
•natis  1:40,000,  Prledlander 's  bacillus  1:10,000,  K.  ozaenae  1:20,000, 
and  Aerobacter  aerogenes  1:3000.  Cltral  thus  has  a  bacteriostatic  and 
bactericidal  action  on  capsular  bacteria,  its  most  pronounced  effect 
being  on  K.  scleromatls  (D.Ye.  Zebitsker) . 

In  test-tube  experiments,  streptomycin  has  a  bacteriostatic  ac¬ 
tion  at  concentrations  of  2-4  units  per  ml  of  medium.  The  effect  of 
this  drug  Is  most  marked  during  the  first  hour  after  culturing,  during 
the  logarithmic  phase  of  reproduction  (3  hr  after  culturing),  and  dur¬ 
ing  the  period  of  maximum  stationary  growth  (after  48  hr). 

Intramuscular  injection  of  300-1*100  units  of  streptomycin  16 
hr  after  Intranasal  inoculation  of  a  mouse  with  K.  scleromatls  prevent 
death.  Later  injection  of  500  units  of  streptomycin  has  a  weak  thera¬ 
peutic  effect  (Ye. A.  Izraltel’). 

In  addition  to  streptomycin,  biomycin,  aureomycin,  and  mycostatln 
have  an  antibiotic  effect. 

Even  at  very  high  concentrations,  penicillin  does  not  retard  the 
growth  of  K.  scleromatls  and  has  no  therapeutic  effect.  Gramicidin  in 
a  concentration  of  12.5-25  micrograms  per  ml  and  sanaslne  in  a  concen¬ 
tration  cf  25-50  micrcgrams  per  ml  have  a  bactericidal  action  on  K. 
scleromatls.  F-rodlgiosine  ha?  a  similar  effect. 

Mercuric  chlorile  diluted  1:400,000  or  chloramine  diluted  to 
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1:5000  kills  K.  scleromatis  within  3  hr,  while  phenol  diluted  to 
1:500  requires  2k  hr. 

Heating  capsular  bacteria  to  67-70°  in  aqueous  suspension  causes 
them  to  die  within  1  hr. 

Antigenic  structure;  serotypes 

Capsular  bacteria  are  dlst.  Ir.guishe  1  by  a  considerable  diversity 
of  antigenic  structure,  which  In  associated  with  the  characteristics 
of  the  somatic  (S  and  R)  and  capsular  (K)  antigens.  More  than  60  cap¬ 
sular  types  have  now  been  found  (Kaufman,  Edwards,  et  al.)  and  this  is 
apparently  not  the  final  count.  One  of  the  O-antigens  (2)  has  partial 
antigens  (a,  b,  c)  and  each  of  the  5  O-antigens  often  Is  associated 
with  many  capsular  antigens.  K.  scleromatis  is  serologically  homogen¬ 
eous  and  all  its  strains  belong  to  the  same  antigenic  group  [0(2a)  : 

:  K(3)  according  to  Kaufman's  formula].  There  are  several  serotypes 
of  K.  ozaenae  (K-t,  5  and  6)  and  many  serotypes  of  Friedlander’s  ba¬ 
cillus,  which  has  numerous  capsular  antigens  (Table  Co) . 

All  the  foregoing  forces  us  to  conclude  that  only  utilization  of 
a  complex  investigative  technique,  incorporating  morphological ,  cul¬ 
tural,  biochemical ,  and  antigenic  data  on  the  bacterium  under  investi¬ 
gation,  perm. its  us  to  arm  ign  a  -riven  strain  to  a  definite  species  or 
group  within  the  menus  Klebsiella . 

Laboratory  Diagnosis  >  f  f cloroma 


Laboratory  diagnosis  of 
cytological ,  bacteriological , 
Microscopic  invest! gat  i  or. 

Pat hch isto logical  invest 
Mikulicz  's  r. yd ror  5 o  e » 1  !  ?  ,  r v 
of  scleromatous  ~rnnu I ec.a s  In 


scleroma  is  based  on  pathohistcTogical , 
arid  serological  methods. 

l.-'ation  makes  it  possible  to  detect  the 
aline  globular,  and  plasma  cells  typical 
section-  and  prints  of  infiltrations. 
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Bacteriological  Investigation 

Diagnosis  of  Scleroma  Is  based  on  detection  of  K.  scleromatls  In 
the  nasal,  oral,  tracheal,  laryngeal,  and  bronchial  mucous  and  In  biop¬ 
sy  specimens  of  Infiltrations  and  on  isolation  and  study  of  a  pure  cul¬ 
ture  In  accordance  with  the  investigative  scheme  which  has  been  devel¬ 
oped  (B.Ya.  El'bert). 

The  principal  stages  in  the  analysis  are: 

1)  taking  of  samples  for  examination; 

2)  culturing  on  2  or  3  Petri  dishes  containing  weakly  alkaline 
meat-lnfuslon  agar  (pH  7.2)  or  glycerine  agar; 

3)  Isolation  of  colonies  on  agar  slants  and  production  of  a  ;  .re 
culture; 

**)  Investigation  of  your.g  colonies  by  agar  microscopy  to  deter¬ 
mine  the  type  of  structure  present; 

5)  culturing  in  a  color  series  (lactose,  glucose,  and  sucrose) 
to  determine  the  type  of  fernentatlon; 

6)  study  of  the  sensitivity  of  the  bacteria  when  cultured  on  agar 
r.lxed  half  and  half  with  bovine  bile; 

7)  investigation  for  lndol  formation; 

8)  determination  of  serological  properties  with  antiserum  l  by 
the  complement-fixation  reaction. 

The  following  are  supplemental  methods: 

9'  determination  of  culture  virulence  in  white  mice; 

10)  Isolation  of  a  norunucoid  variant  by  culturing  in  Petri  dishes 
and  setting-up  of  an  agglutination  reaction  between  the  noncapsular 
culture  and  antiserum  1; 

11)  study  of  the  sensitivity  of  the  bacteria  to  the  lyzing  action 
of  specific  bacteriophage; 

12)  investigation  of  the  patient's  serum  by  a  com;  lement-fixat ion 
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reaction  with  the  culture  Isolated  and  with  laboratory  antigen  and  by 
an  agglutination  reaction  with  the  nonmucoid  form; 

13)  determination  of  the  pH  of  peptone  water  In  which  a  culture 
of  the  bacterium  under  Investigation  was  grown; 

1*1 )  reaction  with  acetylmethylcarbonal  (Foges,Proskauer)  and  with 
methyl  red. 

In  bacteriological  investigation  of  infiltrate  fragments  the 
material  Is  pulverized  with  a  forceps  and  immersed  in  a  test-tube  con¬ 
taining  meat-infusion  broth.  The  culture  is  incubated  at  37°  for  24 
hr,  material  is  transplanted  to  a  Petri  dish  containing  neutral  agar, 
and  a  pure  culture  is  isolated  and  identified  by  the  method  described 
above. 

Bacteriophage.  K.  scleromatls  bacteriophage  is  especially  easy 
to  detect  during  the  summer,  immediately  after  filtration  of  a  suspen¬ 
sion  of  K.  scleromatls  from  agar  or  broth  cultures. 

Scleroma  bacteriophage  was  isolated  from  old  broth  cultures  by 
V.M.  Gerkes  and  from  agar  cultures  by  N.A.  Izraitel'.  This  bacterio¬ 
phage  is  able  to  lyze  cultures  of  the  bacteria  most  sensitive  to  it 
at  titres  of  i0-^-10-^.  Complete  lysis  of  young  5-hr  broth  cultures 
is  observed  after  7-8  hr. 

Since  scleroma  bacteriophage  is  strictly  specific,  lysi3  is  em¬ 
ployed  In  the  bacteriological  diagnosis  of  scleroma.  Agar  in  Petri 
dishes  is  inoculated  with  mucoid  cultures  isolated  from  the  nasal  mu¬ 
cous;  after  incubation  at  37®  for  2  hr  scleroma  phage  is  applied  to 
the  growth  and  the  dishes  are  left  to  stand  overnight  in  the  incuba¬ 
tor.  Presence  of  sterile  areas  indicates  that  the  cultures  consist  of 
K.  scleromatls.  Other  capsular  bacteria  are  not  lyzed  by  scleroma 
phage . 
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Serological  Investigation 

Serological  diagnosis  of  scleroma  Is  based  on  Investigation  of 
the  patient's  serum  by  a  complement-fixation  reaction  with  antigen  pre¬ 
pared  from  a  mucoid  culture  of  K.  scleromatls  and  by  an  agglutination 
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reaction  with  antigen  prepared  from  a  nonmucoid  culture  of  this  same 
bacterium. 

1.  The  complement-fixation  reaction  is  sensitive  and  strictly 
specific  in  scleroma.  It  agrees  with  the  clinical  data  in  95t  of  all 
cases . 

The  antigen  is  a  day-old  suspension  of  K.  scleromatls  heated  at 
60°  for  1  hr  and  brought  to  a  concentration  of  500  million  cells  per 
ml  by  comparison  with  a  standard;  previously  prepared  scleroma  diag¬ 
nostic  serum  for  complete  K.  scleror.atls  antigen  can  also  be  used. 


When  freshly  prepared  polyvalent  bacterial  antigen  Is  used  it  is 
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necessary  to  inoculate  agar  slants  with  3  or  4  strains  of  K.  sclero- 
matis  selected  for  this  purpose  on  the  day  before  the  experiment;  the 
day-old  growth  is  washed  off,  brought  to  a  concentration  of  500  mil¬ 
lion  cells  per  ml  with  physiological  solution,  by  comparison  with  a 
bacterial  standard,  and  heated  at  60°  for  1  hr.  The  procedure  for 
setting  up  the  complement-fixation  reaction  is  described  on  page  154  . 

Agglutination  reaction.  The  serum  of  scleroma  patients  contains 
antibodies  to  the  somatic  0  antigen,  which  makes  it  possible  to  employ 
an  agglutination  reaction,  using  a  suspension  of  noncapsular  bacteria 
as  the  antigen.  The  specificity  of  the  0  antigens  of  K.  scleromatis  is 
quite  evident  in  Table  61. 

The  antigen  consists  of  nonmucoid  K.  scleromatis.  It  must  be  kept 
in  mind  that  nonmucoid  capsular  bacteria  are  divided  into:  1)  smooth 
forms  capable  of  agglutination  in  immune  sera;  2)  rough  forms  corres¬ 
ponding  to  the  R  forms  of  other  bacteria.  The  smooth  forms  are  divided 
Into  two  variaties:  alpha  forms,  which  are  characterized  by  growth  of 

translucent  colonies  In  dishes,  and  beta  forms,  which  produce  clear 

* 

colonies.  Highly  agglutinable  smooth,  nonmucoid  strains  of  the  clear 
form  of  K.  scleromatis  are  the  most  suitable  for  the  agglutination  re¬ 
action.  Either  a  suspension  of  live  noncapsular  bacteria  or  a  formal- 
lnized  diagnostic  serum  can  be  used. 

A  titre  of  1:1600  is  assumed  to  be  diagnostic.  A  reaction  at  this 
titre  is  evaluated  as  weakly  positive,  while  those  at  higher  titres, 
beginning  with  1:3200,  are  evaluated  as  positive  (S.I.  Qladyshevskaya) . 

In  some  cases  the  serum  of  healthy  persons  or  of  persons  suffer¬ 
ing  from  other  infections  gives  an  agglutination  reaction  with  scleroma 
antigen  at  titres  of  1:200-1:800.  A  positive  agglutination  reaction  is 
obtained  in  approximately  851  of  scleroma  patients  and  a  weakly  posi¬ 
tive  reaction  in  10*. 
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Opsonophagocytic  reaction.  Serum  from  scleroma  patients  substan¬ 
tially  intensifies  the  phagocytosis  of  K.  scleromatis.  The  opsono- 
phagocytlc  te3t  is  a  valuable  method  of  diagnosing  scleroma,  supple¬ 
menting  the  complement-fixation  and  agglutination  reactions.  It  can 
also  be  employed  to  determine  the  dynamics  of  the  process,  since  it  is 
impossible  to  evaluate  the  course  of  the  infection  from  the  complement- 
fixation  reaction,  whose  intensity  remains  almost  unchanged  over  per¬ 
iods  of  many  years. 

The  opsonophagocytic  reaction  is  regarded  as  sharply  positive 
in  scleroma  if  the  minimum  phagocytosis  index  is  70  or  more  and  the 
opsonophagocytic  index  is  at  least  12.  It  is  considered  positive  when 
the  minimum  phagocytosis  index  is  25-70  and  the  opsonophagocytic  index 
at  least  9.5.  Minimum  phagocytosis  indices  of  from  10  to  15  and  opsono¬ 
phagocytic  indices  of  9  indicate  a  weakly  positive  result. 

A  precipitation  reaction  can  be  employed  in  investigating  infil¬ 
trates  and  oral  mucous  from  scleroma  patients  (the  material  is  treated 
by  Buaven's  method  to  obtain  a  hapten  and  the  latter  is  then  overlay¬ 
ered  on  rabbit  antiscleroma ‘serum  in  a  test-tube;  B.L.  Botbinik) . 

It  is  also  recommended  that  the  culture  isolated  be  tested  for 
virulence.  Intramuscular  administration  of  0.5  ml  of  a  suspended  day- 
old  agar  culture  (with  a  density  of  1  billion  cells  per  ml)  to  a  white 
moust  almost  without  exception  causes  the  animal  to  die  and  the  bac¬ 
teria  are  found  to  have  spread  to  all  its  organs  and  lymph  nodes. 

Laboratory  diagnosis  of  diseases  caused  by  Friedlander's  bacil¬ 
lus,  detection  of  K.  ozaenae  in  ozena,  and  investigations  for  capsular 
bacteria  in  urine  (especially  when  neoplasms  of  the  bladder  or  variou;- 
inflammatory  processes  are  present),  the  intestinal  contents,  the  en¬ 
vironment,  etc.,  are  based  solely  on  data’ obtained  by  bacteriological 
analysis  (culturing  on  meat-infusion  agar  with  subsequent  differentia- 
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tlon  and  description  of  the  morphological,  cultural,  biochemical,  and 
antigenic  properties  of  the  microorganisms  Isolated). 

EPIDEMIC  MENINGITIS 
Prof.  P.V.  Pavlov 

The  generally  accepted  classification  assigns  the  causative 
agent  of  epidemic  human  meningitis.  Meningococcus  (Neisseria  meningi- 
titis),  to  the  genus  Neiseria  of  the  family  Neiseriaceae . 


Pig.  83.  Meningococci,  Two-day 
culture  on  serum  agar. 

Meningococci  may  be  detected  in  the  nasopharynx  and  sometimes 
cause  rhinopharyngitis.  They  merit  special  attention  in  human  pathol¬ 
ogy  as  the  causative  agent  of  meningeal  inflammations  (cerebrospinal 
meningitis)  and  occasionally  of  sepsis. 

Morphology  of  Meningococcus 

Meningococci  are  spherical  gram-negative  cells  0,6-0. 8  microns  in 
diameter  and  occur  in  pairs.  This  paired  arrangement  can  be  seen 
quite  clearly  in  examining  smears  prepared  from  tie  cerebrospinal 
fluid.  They  often  occur  intracellularly  in  this  fluid  and  resemble 
coffee  grounds.  Substantial  numbers  may  be  seen  extracellularly  in 
some  cases.  Meningococci  in  smears  prepared  from  cultures  are  arrayed 
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In  pairs  and  occasionally  in  tetrads.  A  characteristic  feature  of  these 
bacteria  is  their  polymorphism.  They  appear  as  small  spherical  cells  in 
smears  from  young  cultures  (Pig.  83);  in  addition  to  these  small  spher¬ 
ical  cells,  a  substantial  number  of  giant  cells  may  be  observed  in  old 
(3-5  day)  cultures. 

Biology  of  Meningococci;  cultural  characteristics 

Meningococci  are  aerobic;  their  biochemical  activity  is  relatively 
weak  and,  of  the  many  carbohydrates , they  decompose  only  glucose  and 
naltose  to  form  acids.  The  optimum  temperature  for  good  growth  is  35- 
37°,  while  the  optimum  pH  is  7. 4-7. 6.  Meningococci  require  nutritive 

media  containing  native  human  or  animal  proteins,  especially  during 

\ 

the  first  few  generations.  As  a  rule,  these  bacteria  are  cultured  on 
solid  (agar-agar)  nutritive  media  containing  ascitic  fluid,  human  or 
rabbit  blood,  or  hydrocele  fluid.  Meningococci  grow  well  on  nutritive 
media  such  as  Loeffler's  medium  and  various  egg  media.  Dorset's  egg 
medium  (see  page  791)  is  quite  often  used  for  isolating  and  culturing 
Meningococci . 


Pig.  8*4 ,  Meningococcus 
colonies  on  serum  agar. 
Day-old  culture. 


Pig.  85.  Meningococcus 
colonies  on  serum  agar. 
Seven-day  culture. 


Meningococci  grown  on  ascitic  agar  or  agar  containing  formalinized 
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serum  (see  page  792)  form  small,  slightly  convex,  bluish  semitrans¬ 
parent  colonies  with  uniform  margins  (Pig.  84).  When  the  cultures  are 
Incubated  for  2-5  days  the  colonies  Increase  In  size,  become  less 
transparent,  and  acquire  uneven  margins  (Pig.  85). 

Resistance  to  physical  and  chemical  agents 

Meningococci  have  a  very  low  resistance  to  various  physical  and 
chemical  agents.  Just  as  Gonococci,  Meningococci  die  within  5  min  or 
less  at  a  temperature  of  55° .  They  are  more  resistant  to  low  tempera¬ 
tures  (0-2°),  although  also  dying  within  a  short  time.  A  IX  phenol 
solution  or  0.1X  mercuric  chloride  solution  kills  these  bacteria  with¬ 
in  1-2  min.  Just  as  Gonococci,  Meningococci  are  sensitive  to  sulfanil- 
amides  and,  to  a  somewhat  lesser  extent,  to  penicillin  and  streptomycin. 
Antigenic  structure;  serotypes 

According  to  the  French  classification  proposed  by  Nicol,  Meningo¬ 
cocci  are  divided  into  types  A,  B,  C,  and  D.  This  classification  also 
includes  parameningoccccal  strains.  The  English  classification  (Gor- 
ion  and  Murray )divides  the  Meningococci  into  4  serological  types.  It 
has  been  established  that  type  A  of  the  French  classification  corres¬ 
ponds  to  types  I  and  III  of  the  English  classification  and  that  type 
B  of  the  former  corresponds  to  types  II  and  IV  of  the  latter. 

Types  C  and  D  are  paramenlngococcal  strains. 

Two  types  of  Meningococci,  A  and  B,  are  usually  encountered  in  the 
Soviet  Union.  Type  C  is  isolated  in  extremely  rare  cases. 

Laboratory  Diagnosis  of  Meningococcal  Infections 
Material  for  examination;  taking  of  samples 

Cerebrospinal  fluid,  fluid  from  the  lateral  ventricles  (in  in¬ 
fants),  blood,  nasopharyngeal  mucous,  tissue  fluid,  and  roseolae  from 
patients  with  epidemic  cerebrospinal  meningitis  can  be  examined  for 
Meningococci . 


-  784  - 


Pig.  86.  Taking  mucous  from  the  nasopharynx  for  examination  for  Menin¬ 
gococci.  A)  Tongue  depressor;  E)  swab  for  collecting  material. 

In  examining  persons  who  have  died  of  Meningococcal  infections 
pus  from  the  meninges  and  material  from  the  inflammatory  foci  in  the 
organs  are  investigated. 

In  conducting  a  bacteriological  examination  for  Meningococci  it 
must  be  remembered  that,  as  a  result  of  the  wide  use  of  sulfanilamide 
drugs  for  treating  cerebrospinal  meningitis,  the  culturabillty  of 
these  bacteria  may  be  greatly  reduced. 

Por  more  successful  bacteriological  isolation  of  Meningococci  it 
is  lecommended  that  a  solution  of  paraaminobenzoic  acid,  which  is  an¬ 
tagonistic  to  sulfanllamides  and  blocks  their  action,  be  added  to  the 
nutritive  medium  used  for  culturing  the  material. 

Mucous  is  collected  from  the  nasopharynx  with  a  sterile  cotton 
swab  fastened  to  a  metal  wire  and  bent  through  a  *J5°  angle  with  a  ster¬ 
ile  forceps  before  insertion.  In  taking  samples  the  root  of  the  tongue 
is  held  down  with  a  tongue  depressor  held  in  the  left  hand  and  the 
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sw*ab  la  introduced  past  the  soft  palate  with  the  right  hand  and  rotated 
(Pig.  86). 

In  withdrawing  the  swab  from  the  nasopharynx  care  must  be  taken 
that  it  does  not  touch  the  oral  mucosa,  which  would  contaminate  it. 

Investigation  of  the  cerebrospinal  fluid  is  of  primary  importance 
for  detecting  Meningococci  in  cerebrospinal  meningitis.  For  this  pur¬ 
pose  approximately  5-10  ml  of  spinal  fluid  is  collected  in  a  sterile 
syringe  by  lumbar  puncture,  observing  strict  asepsis,  and  transferred 
to  a  test-tube  under  sterile  conditions.  In  cerebrospinal  meningitis 
the  spinal  fluid  is  usually  cloudy  as  a  result  of  the  large  number  of 
leucocytes  which  it  contains.  In  rare  cases  the  spinal  fluid  remains 
clear  despite  the  presence  of  Meningococci. 

Spinal  fluid  taken  from  patients  should  be  protected  from  cold 
and  examined  bacterioscopically  and  bacteriologically  as  soon  as  pos¬ 
sible.  For  this  purpose  part  of  the  fluid  is  taken  from  the  test-tube 
vnder  sterile  conditions  and  centrifuged  and  smears  are  prepared  from 
the  centrifugate  for  bacterioscopic  examination;  part  of  the  sterile 
residue  is  transferred  to  2  or  3  Petri  dishes  containing  a  nutritive 
medium  (agar  and  formalinized  serum)  and  spread  with  a  spatula  by 
Drigal'skiy's  method.  Some  of  the  residue  can  be  used  to  inoculate 
test-tubes  containing  serum-agar  slants  or  Dorset's  medium,  observing 
the  rules  of  asepsis. 

The  tube  containing  the  remaining  spinal  fluid  is  placed  in  a 
heater  at  37°  and  incubated  for  24  hr.  The  first  cultures  are  some¬ 
times  negative  when  working  with  freshly  drawn  fluid;  the  number  of 
positive  results  increases  after  incubation.  However,  it  is  not  re¬ 
commended  that  the  spinal  fluid  be  left  at  37°  for  more  than  24  hr, 
since  more  prolonged  Incubation  (48  hr)  greatly  reduces  the  viability 
of  Meningococci. 
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Microscopic  examination 

The  smears  are  stained  by  Oram's  method  and  with  methylene  blue 
or  dilute  fuchsin  (by  Pfeyffer's  method)  and  examined  microscopically. 

When  gram-negative  dlplococci  are  detected  lntracellularly  or 
even  extracellularly  a  single  bacterloscopic  examination  is  sufficient 
for  the  investigator  to  conclude  that  Meningococcus  is  responsible  for 
the  disease,  since  gram-negative  dlplococci  in  the  spinal  fluid  of 
cerebrospinal  meningitis  patients  can  only  be  Meningococci. 
Bacteriological  investigation 

It  is  preferable  to  use  clear  nutritive  media  for  isolating  Men¬ 
ingococci,  since  these  permit  ready  observation  of  the  type  of  colon¬ 
ies  and  simpler  differentiation  of  meningococcal  colonies  from  those 
of  other,  similar  bacteria.  The  most  widely  used  of  these  media  are 
ascitic  agar  (3  parts  of  2%  agar  and  one  part  of  ascitic  fluid)  and 
serum  agar  (prepared  in  the  same  manner  as  ascitic  agar). 

It  sometimes  proves  impossible  to  obtain  the  first  generations  of 
meningococcal  cultures  on  ascitic  agar;  moreover,  use  of  this  medium 
is  limited  by  the  need  for  a  regular  supply  of  sterile  ascitic  fluid. 

An  extremely  convenient  nutritive  medium  for  isolating  and  culturing 
Meningococci  is  agar  containing  formalized  serum  prepared  by  Legroux's 
method  (see  page  791),  which  is  a  fully  suitable  substitute  for  asci¬ 
tic  fluid. 

Bacteriological  investigation  of  the  spinal  fluid  is  of  secondary 
importance;  it  is  employed  if  bacterloscopic  investigation  reveals 
no  gram-negative  dlplococci.  Bacteriological  investigation  confirms 
the  bacterloscopic  analysis  and  may  be  of  supplemental  value  in  clar¬ 
ifying  the  biochemical  properties  of  the  culture  isolated  and  in  de¬ 
termining  the  type  of  Meningococcus. 

In  general,  if  culturing  of  the  spinal  fluid  yields  small,  bluish, 
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Pig.  87.  Bacterial  colonies  obtained  by  culturing  a  nasopharyngeal 


discharge  on  serum  agar, 
colonies. 


after  incubation  for  24  hr.  M)  Meningococcal 


slightly  raised  colonies  with  uniform  margins  and  gram-negative  diplo- 
cocci  are  detected  in  smears  prepared  from  these  colonies,  no  further 
investigation  need  be  made  of  the  fluid  for  diagnosis  of  Meningococci, 
the  results  obtained  being  regarded  as  completely  conclusive. 

Investigation  of  blood.  In  investigating  blood  for  Meningococci 
it  is  cultured  in  Petri  dishes  containing  ascitic  agar  or  agar  and 
formalinized  serum.  A  total  of  10  dishes  are  inoculated,  each  with 
1  ml  of  blood,  which  is  spread  over  the  surface  of  the  medium  with  a 
spatula.  At  the  same  time,  10  ml  of  blood  taken  from  a  vein  with  a 
syringe  under  sterile  conditions  is  cultured  in  a  flask  containing 
150  ml  of  ascitic  or  serum  broth.  A  positive  result  is  obtained  in  25% 
of  all  cases  during  the  first  week  of  illness. 

Investigation  of  nasopharyngeal  mucous.  The  nasopharyngeal  mucous 
is  investigated  for  Meningococci  principally  in  examinations  conducted 
to  detect  carriers  and,  in  rare  cases,  for  the  purpose  of  diagnosing 
cerebrospinal  meningitis. 


It  must  be  kept  in  mind  that  investigation  of  mucous  is  more  com¬ 


plex  than  Investigation  of  spinal  fluid,  since,  in  addition  to  various 
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bacilli,  the  nasopharynx  contains  a  considerable  number  of  gram-nega¬ 
tive  diplococci,  Including  Gonococci,  which  are  difficult  to  distin¬ 
guish  morphologically  from  meningococci. 

In  this  connection  morphological  diagnosis  of  meningococci  iso¬ 
lated  from  the  nasopharyngeal  mucous  is  unreliable  and  must  be  supple¬ 
mented  by  bacteriological  investigation  and  subsequent  study  of  the 
morphological  (by  Gram-staining),  biochemical,  and  serological  (by 
the  agglutination  reaction)  characteristics  of  the  diplococci  isolated. 

The  mucous-bearing  swab  is  immersed  in  a  test-tube  containing  a 
small  quantity  of  sterile  broth  and  the  mucous  is  washed  off.  Cultur¬ 
ing  is  carried  out  at  the  patient's  bedside.  When  it  is  necessary  to 
ship  the  material  to  the  laboratory  it  should  be  protected  from  cold. 
Several  (2-3)  drops  of  the  broth  containing  the  mucous  are  placed  on 
a  dish  containing  ascitic  agar  or  agar  and  formalinized  serum  and 
rubbed  into  the  surface  of  the  medium  with  a  spatula;  the  remaining 
material  Is  successively  transferred  to  2-3  dishes  with  the  same  spat¬ 
ula.  The  inoculated  dishes  are  incubated  at  37°  for  24  hr  and  the  col¬ 
onies  produced  are  then  inspected.  Prom  among  the  numerous  colonies 
growing  on  the  dishes  those  which  are  small,  clear,  and  bluish  in  co¬ 
lor  are  transferred  to  appropriate  nutrutlve  media  for  further  investi¬ 
gation  (Pig.  87). 

The  colonies  taken  from  the  dishes  are  examined  bacterioscopically 
on  the  following  day  and,  when  gram-negative  diplococci  are  detected, 
their  biochemical  properties  are  checked.  Biochemical  differentiation 
of  diplococci  by  their  sugar-fermenting  capacity  on  a  solid  nutritive 
medium  (see  page  792)  is  a  very  convenient  procedure  (Lingelsheim) . 

The  surface  of  the  me.iium  is  inoculated  with  the  cultures  to  be  tested 
in  radial  streaks,  u.  Ing  a  platinum  loop. 

Fermentation  is  ubserved  over  a  48-hr  period,  incubating  the 
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TABLE  62 


Fermentation  of  Carbohydrates  by  Members 
of  the  Genus  Neisseria  and  Similar  Diplo- 
eocci 


Symbols:  +  ferments  carbohydrates;  0)  does 
not  ferment  carbohydrates.  ' 

1)  Bacterium;  2)  glucose;  3)  levulose;  4) 
sucrose;  5)  maltose;  6)  lactose. 


dishes  at  37° . 

For  a  more  detailed  biochemical  analysis  the  enzymatic  properties 
of  the  cultures  can  be  tested  with  respect  to  5  carbohydrates:  glu¬ 
cose,  levulose,  sucrose,  maltose,  and  lactose.  The  enzymatic  capacity 
of  various  diplococci  is  shown  in  Table  62. 

Dorset’s  liquid  medium  (see  page 791)  can  be  used  to  confirm  iden¬ 
tification  of  meningococcal  strains.  In  order  to  preserve  such  strains, 
cultures  are  made  in  a  liquid  nutritive  media  and  incubated  at  37°  for 
24  hr;  smears  are  then  made  and  examined  for  Meningococci.  If  these 
bacteria  are  present  the  medium  bearing  the  culture  is  flooded  with 
sterile  paraffin  oil  to  a  depth  of  1-2  cm.  The  test-tubes  containing 
the  cultares  are  stored  in  a  heater  at  37°,  reculturing  material  to 
fresh  medium  no  less  than  once  a  month.  Meningococci  retain  their  vi¬ 
ability  and  cultural  characteristics  for  6  months  or  more  on  this  med¬ 
ium. 

Serological  investigation  of  Men’ngococcl  (typing).  Monotypic 
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horse  or  rabbit  agglutinative  sera  can  be  used  for  typing  Meningococci. 
There  are  two  methods  commonly  employed  for  this  purpose. 

In  order  to  determine  the  type  of  a  Meningococcus  a  day-old  cul¬ 
ture  is  washed  from  Dorset’s  medium  or  ascitic  agar  with  a  quantity 
of  physiological  solution  sufficient  to  produce  a  thick  suspension 
(containing  5  billion  cells  per  ml,  as  determined  by  comparison  with 
an  optical  standard).  It  is  best  to  type  Meningococci  by  Noble’s  ag¬ 
glutination  reaction  (see  page  119),  since  this  reaction  yields  results 
within  a  few  minutes;  group  agglutination  does  not  occur  in  this  case. 
Nutritive  Media 

Dorset '3  medium:  carefully  washed  hens  eggs  are  wiped  with  alco¬ 
hol  and  broken  under  aseptic  conditions;  their  contents  are  poured 
through  a  sterile  funnel  into  a  sterile  flask  containing  glass  beads. 

A  total  of  10  ml  of  sterile  Ringer's  solution  is  then  added  to  the 
flask  for  each  egg.  The  mixture  is  thoroughly  stirred,  until  complete¬ 
ly  homogeneous,  and  5-6  ml  portions  are  poured  into  sterile  test-tubes, 
observing  strict  asepsis.  The  tubes  are  placed  in  a  Koch  coagulation 
apparatus  and  heated  at  58°  for  1  hr  on  2  consecutive  days.  In  order 
to  avoid  contaminating  their  walls  the  tubes  should  not  be  removed 
from  the  apparatus.  On  the  3rd  day  the  medium  Is  sterilized  by  grad¬ 
ually  raising  the  temperature  to  100°,  permitting  it  to  coagulate 
completely.  In  order  to  obtain  a  liquid  medium  it  is  sterilized  in  a 
Koch  apparatus  at  58°  for  1  hr  on  3  consecutive  days. 

After  sterilization  the  medium-containing  tubes  are  placed  in 
an  Incubator  at  37°  for  3-5  days  to  check  their  sterility. 

Legroux’s  medium:  1  ml  of  commercial  formalin  is  added  to  500  ml 
of  horse  serum.  The  contents  of  the  flask  are  stirred  and,  after  it 
has  stood  at  room  temperature  for  5  min,  1  ml  of  ammonia  (22°  Baume) 
is  added  to  the  mixture  to  neutralize  the  remaining  formaldehyde.  The 
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treated  serum  Is  then  mixed  with  2  parts  of  sterile  distilled  water, 
thoroughly  stirred,  and  filtered  through  filter  paper  into  flasks  of 
the  desired  volume.  The  latter  are  sterilized  at  110°  for  15  min. 

The  sterile  formalinized  serum  can  be  stored  under  laboratory 
conditions  for  an  indefinite  period.  In  order  to  prepare  the  nutritive 
medium  one  part  of  3%  agar  preliminarily  melted  and  cooled  to  56°  is 
mixed  with  1/3  part  of  formalinized  serum.  The  mixture  is  thoroughly 
stirred  (in  order  to  avoid  formation  of  air  bubbles)  and  poured  into 
Petri  dishes  or  into  test-tubes  to  obtain  slants.  This  nutritive  med¬ 
ium  is  quite  suitable  for  isolating  the  1st.  generation  of  meningococ¬ 
cal  cultures,  for  subsequent  maintenance  of  strains,  and  for  diagnos¬ 
tic  purposes. 

Llngelshelm’s  solid  medium  for  determination  of  biochemical  pro¬ 
perties  :  agar  containing  formalinized  serum  or  serum  agar  is  mixed  with 
10X  of  the  desired  carbohydrate  and  tincture  of  litmus  is  added  until 
the  mixture  takes  on  a  light  blue  color.  The  medium  is  sterilized  at 
100°  for  5  min  on  3  consecutive  days  and  15  ml  portions  are  poured  into 
Petri  dishes  and  permitted  to  cool. 

COCCAL  PNEUMONIA 

L.B.  Balanyan,  Candidate  of  Medical  Sciences 

Pneumonia  may  be  caused  by  various  microorganisms,  which  enter 
the  human  respiratory  passages  from  the  surrounding  atmosphere  (in¬ 
fection)  or  inhabit  the  oral  and  nasal  mucosae  of  persons  to  all  in¬ 
tents  and  purposes  healthy  (carriers),  becoming  pathogenic  to  the 
host  only  under  unfavorable  conditions  (cold,  trauma,  disease,  etc.): 
these  include  coccal  (Pneumococci,  Streptococci,  Staphylocicci,  and, 
according  to  some  data,  catarrhal  Micrococci)  and  bacillary  (Fried- 
lander’s  and  Pfeyffer’s  bacilli;  pneumonia  of  newborns  caused  by  E. 
coll  has  been  described)  forms.  This  disease  can  also  be  produced  by 
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associations  of  the  aforementioned  bacteria  (so-called  mixed  infec¬ 
tions),  as  well  as  by  viruses. 

One  of  the  most  dangerous  and  common  (responsible  for  more  than 
90%  of  all  cases)  causative  agents  of  pneumonia,  especially  the  lobar 
form,  is  Pneumococci.  However,  in  recent  years,  a  substantial  change 
has  been  noted  in  the  character  of  the  microflora  observed  in  pneu¬ 
monia,  both  in  children  and  adults.  Pneumococci,  which  have  long  occu¬ 
pied  first  place  among  the  causative  agents  of  pneumonia,  are  now  en¬ 
countered  quite  rarely  (up  to  Z0%  rather  than  90-96)0  .  The  proportion 
of  Staphylococci  and  E.  coll  has  increased  greatly,  especially  in 
young  children. 

This  change  is  partially  attributable  to  the  spread  of  strains  of 
bacteria  resistant  to  the  action  of  drugs  (antibiotics,  sulfanilamides )  . 

Such  changes  may  also  be  only  apparent.  When  hospitalization  is 
delayed  the  patient  receives  various  drugs  on  admission,  which  influ¬ 
ence  the  microflora  of  the  mouth  and  upper  respiratory  tract.  Bacter'-. 
which  succumb  Muickly  to  drugs  cannot  be  detected  on  examination,  so 
that  a  high  percentage  of  more  resistant  forms  is  observed. 

Laboratory  Diagnosis  of  Pneumonia 
Material  for  examination 

Sputum,  mucous  taken  from  the  nasopharynx  with  a  sterile  swab, 
pus,  various  exudates,  puncture  specimens,  and  blood  can  be  examine j. 
Sputum  is  the  usual  subject  of  investigation,  nasopharyngeal  mucous 
being  employed  when  none  is  available. 

Microscopic  examination 

Before  beginning  to  process  material  taken  for  examination  smears 
are  made  on  two  slides  for  preliminary  microscopy  (bacterioscopic  diag¬ 
nosis);  one  smear  13  stained  by  Oram's  method  and  the  other  with  dilute 
carbol  fuchsin  (Pfeyffer's  stain). 
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When  lanceolate  diplococci  surrounded  by  light  unstained  capsules 
are  found  in  the  3mears  a  preliminary  diagnosis  of  pneumococcal  etio¬ 
logy  is  made. 

A  preliminary  diagnosis  of  streptococcal  infection  is  made  when 
gram-positive  cocci  arranged  in  a  chain  are  detected. 

Oram-positive  cocci  with  a  characteristic  morphology  arranged  in 
groups  resembling  bunches  of  grapes  furnish  a  basis  for  diagnosing 
staphylococcal  infection. 

Detection  of  small  gram-negative  rods,  which  often  form  nest-like 
aggregares  and  stain  polarly,  indicates  that  Ffeyffer's  bacillus  is 
present . 

Detection  of  gram-negative  diplobacilli  of  varying  size  surround¬ 
ed  by  capsules  taking  the  form  of  light-colored  orioles  indicates  that 
Friedlander's  bacillus  is  present. 

This  microscopic  diagnosis  is  rough  and  preliminary.  Study  of 
cultures  on  blood  and  other  special  media  and  isolation  and  identi¬ 
fication  of  pure  cultures  prepared  from  isolated  colonies  permit  pre¬ 
cise  determination  of  the  microflora  present. 

Pneumococcal  pneumonia 
Bacteriological  investigation 

For  bacteriological  investigation  the  material  to  be  studied  is 
suspended  in  1  ml  of  slightly  alkaline  (pH  7.6)  sterile  1?  peptone 
water  or  r  at-froth.  Martin's  broth  containing  no  more  than  0 . 02% 
glucose  at  pH  7.6  is  the  most  suitable  medium  for  this  purpose. 

One  drop  of  the  suspended  material  is  transferred  with  a  spatula 
to  preliminarily  dried  Petri  dishes  containing  agar  to  which  5-7$ 
of  defibrinated  rabbit  blood  his  been  added  (see  below  for  the  proce¬ 
dure  for  detecting  Staphylococci). 

Cultures  on  blood  agar  are  examined  after  incubation  in  a  heater 
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at  37°  for  1-2  days.  At  the  sane  time  that  the  appearance  of  the  cul¬ 
tures  Is  studied  material  is  transferred  to  liquid  media  and  examined 
r.ic.-osc  .pically . 

Colonies  of  Pneumococci  on  blood  agar  take  the  form  of  small, 
translucent  greenish-gray  aggregates,  which  are  especially  distinct 
in  a  thin  layer  of  agar.  When  a  colony  is  carefully  inspected  in  inci¬ 
dent  light  a  small  compact  mound  at  the  center  and  a  light  periphery 
can  be  detected.  Colonies  are  often  surrounded  by  a  seemingly  lumin¬ 
escent  oriole.  When  a  colony  is  removed  from  nutritive  agar  the  lat¬ 
ter  b  a*'S  tj*a<  es  of  so-called  false  or  incomplete  hemolysis  caused  by 
the  vital  activity  of  the  bacteria,  which  results  in  conversion  of 
l he *  hemoglobin  of  the  blood  agar  to  methemoglobin. 

Colonies  of  type  III  Pneumococci  are  distinguished  by  a  mucoid 
consistency  and  substantially  greater  diameter,  up  to  2  mm;  tney  ar^ 
slightly  cloudy  and  tend  to  merge. 

In  liquid  media  Pneumococci  produce  a  moderate  uniform  cloudiness, 
forming  no  film  or  sediment.  A  small  amount  of  precipitate  is  detected 
in  some  cases,  rising  from  the  bottom  in  the  form  of  a  light  powdery 
turbidity  when  the  tube  is  gently  shaken. 

Microscopic  examination  reveals  slightly  elongated  paired  Tram- 
positive  cocci  with  pointed  outward  ends,  which  resemble  a  candle 
flame  or  lancet,  consequently  being  called  lanceolate  diplococci. 
Pneumococci  consisting  of  two  regularly  ovoid  or  even  round  cocci  are, 
however,  occasionally  encountered,  varying  in  size  from  0.5  x  C.'5  to 
1  x  1.5  microns.  The  diplococci  occur  singly,  especially  Just  after 
being  isolated  from  the  body,  but  may  also  form  short  chains  consist¬ 
ing  of  3-^  pairs  of  bacteria.  Pneumococci  forr  capsules,  whic.  sur¬ 
round  both  cocci  with  a  light  ring,  since  they  cannot  be  stain  t 
by  the  usual  methods. 
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Differentiation  of  Pneumococci  from  Streptococci  often  presents 
great  difficulties,  as  a  result  of  their  close  relationship  and  mor¬ 
phological  similarity.  The  simplest  and  most  convenient  of  the  exist¬ 
ing  differentiation  methods  is  based  on  the  differing  behavior  of 
these  two  types  of  bacteria  with  respect  to  bile.  Pneumococci  are 
easily  lyzed  in  the  presence  of  bovine  bile  and  bile  salt,  while 
Streptococci  are  unaffected.  The  bile-resistant  test  is  conducted  in 
the  following  manner. 

A  Pasteur  pipette  is  used  to  inoculate  100Z  bile  broth  with 
2-3  ml  of  a  18-20-day  culture  of  the  bacterium  to  be  tested.  This 
causes  the  broth  to  become  cloudy,  taking  on  the  appearance  of  milky 
tea.  If  the  broth  becomes  clear  after  incubation  at  37°  for  24  hr 
the  bacteria  are  lyzed)  the  culture  consists  of  Pneumococci.  If  no 
clarification  takes  place  the  culture  consists  of  Streptococci.  This 
technique  for  differentiating  Pneumococci  from  Streptococci  gives  a 
precise  identification  when  the  requisite  condition  (use  of  pure  cul¬ 
tures)  is  met. 

In  some  cases  Pneumococci  detected  in  investigating  cultures  are 
subjected  to  further  study  (when  specific  serum  therapy  is  needed,  in 
order  to  solve  certain  epidemiological  problems,  etc.).  This  usually 
Involves  determination  of  the  type  of  Pneumococcus,  of  its  virulence 
for  white  mice,  and  of  its  resistance  to  antibiotics. 

The  type  of  Pneumococcus  is  determined  by  agglutinating  the  pure 
culture  with  specific  sera  of  the  first  three  fixed  types.  Cultures 
which  do  not  agglutinate  with  these  three  types  of  sera  belong  to 
group  X.  The  reaction  is  set  up  in  the  following  manner:  a  18-20-hr 
broth  culture  is  p>u: ed  into  agglutinative  tubes  in  0.5  ml  portions 
and  equal  volumes  of  sera  diluted  to  1:5  (with  physiological  solution) 
are  added.  The  control  consists  of  2  tubes,  one  containing  the  test 
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culture  mixed  with  normal  rabbit  serum  and  the  other  containing  cul¬ 
ture  alone.  The  contents  of  the  tubes  are  thoroughly  shaken  and  Incu¬ 
bated  in  a  heater  at  37°  for  2  hr;  a  preliminary  evaluation  of  the 
reaction  is  then  made.  The  final  results  are  noted  after  additional 
incubation  at  room  temperature  for  20  hr. 

The  agglutination  is  evaluated  as  four-plus  if  the  contents  of 
the  tube  are  completely  clarified  and  the  agglutinated  culture  forms  a 
rn-nr.e  film,  which  breaks  up  into  3-^  fragments  only  on  vigorous  shak¬ 
ing,  3-plus  agglutination  has  occurred  if  the  contents  of  the  tube  are 
completely  clarified  and  the  agglutinated  culture  is  easily  broken  up; 
two-plus  agglutination  has  occurred  if  no  clarification  takes  place 
and  particles  of  the  agglutinated  culture  are  clearly  visible  to  the 
unaided  eye  in  the  cloudy  contents  of  the  tube;  in  one-plus  agglutina¬ 
tion  a  finely  granular  suspension  of  agglutinated  Pneumococci  is  pre¬ 
sent  in  the  tube.  No  visible  agglutination  is  observed  when  the  re¬ 
action  is  negative;  the  contents  of  the  tube  are  uniformly  cloudy  af¬ 
ter  shaking.  The  first  three  fixed  types  are  detected  principally  in 
croupous  pneumonia.  Group  X  Pneumococci  are  encountered  ir.  acinous 
pneumonia,  principally  in  young  children  (broncho  pneumcnlal. 

The  Neifeld  distension  phenomenon  is  used  for  rapid  typing  with¬ 
out  isolation  of  a  pure  culture;  this  procedure  is  based  on  the  fact 
that  the  capsules  of  Pneumococci  are  greatly  enlarged  (distended)  in 
the  presence  of  serum  of  the  same  type  as  the  culture  under  investiga¬ 
tion.  The  reaction  is  set  up  in  the  following  manner. 

Ore  drop  of  the  test  material,  one  drop  of  rabbit  diagnostic  se¬ 
rum  types  I,  II,  and  III,  and  one  drop  of  methylene  blue  are  applied 
to  each  of  three  cover  slips.  The-  drops  are  thoroughly  mixed  with  a 
loop  or  the  fused  tip  of  a  Pasteur  pipette  and  the  slips  are  covered 
with  a  slide  containing  three  wells,  first  smearing  tlv~  e  -ges  c'  the 
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slips  with  vaseline.  Microscopic  examination  with  an  oil-immersion  lens 
reveals  substantial  enlargement  of  the  light-colored  zone  around  the 
bacteria  when  the  Pneumococci  and  the  specific  serum  are  of  the  same 
type.  No  enlargement  is  observed  when  the  bacteria  and  serum  do  not 
correspond . 

The  virulence  of  the  pneumococcal  culture  is  determined  in  white 
mice  weighing  18-22  g.  For  this  purpose  a  18-20  hr  broth  culture  is  di- 

Q 

luted  down  to  1:10”  with  1$  peptone  water  or  slightly  alkaline  broth 
and  doses  of  0.5  ml  of  the  various  dilutions  are  administered  intraper- 
itoneally  to  groups  of  mice,  using  2  mice  for  each  dilution.  The  ani¬ 
mals  are  then  observed  for  M-5  days.  Any  culture  which  kills  the  mice 
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at  a  dilution  of  1:10  or  more  is  regarded  ?s  highly  virulent,  any 
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which  kills  them  at  dilutions  of  from  1:10  to  1:10  is  considered 
moderately  virulent,  and  any  which  kills  them  at  dilutions  of  1:10“^  or 
less  is  regarded  as  weakly  virulent.  Nonvirulent  strains  of  Pneumococci 
io  not  kill  mice.  In  order  to  eliminate  the  possibility  of  animals  dy¬ 
ing  of  intercurrent  causes  blood  from  the  hearts  of  the  animals  which 
succumbed  is  cultured  to  permit  detection  of  Pneumococci. 

Nutritive  media  containing  various  drugs  are  employed  to  determine 
the  drug  resistance  of  the  Pneumococci  isolated. 

Either  the  minimum  quantity  of  drug  which  the  nutritive  medium  must 
contain  to  suppress  culture  growth  and  reproduction  for  the  minimum 
number  of  bacteria  ..capable  of  growing  and  multiplying  in  the  presence 
of  a  given  amount  of  drug  is  determined. 

In  the  first  case  a  series  of  test-tubes  containing  equal  volumes 
of  nutritive  medium  (5  ml)  and  increasing  quantities  of  drug  are  inocu¬ 
lated  with  equal  amounts  (0.1  ml  of  a  1:1C0  dilution)  of  a  18-20  hr 
broth  culture.  That  tuts  in  which  no  growth  can  be  seen  with  the  unaid¬ 
ed  eye  or  in  which  it  lags  greatly  behind  the  control  (which  contains 
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no  drug)  Is  noted  after  2k  hr. 

In  the  second  case  a  series  of  tubes  containing  equal  volumes  of 

nutritive  medium  and  a  given  amount  of  drug  are  inoculated  with  0.1  ml 

-1  -2  _  a 

portions  of  different  dilutions  (1:10  ,  1:10  ,  1:10  ,  etc.)  of  a 

18-20  hr  broth  culture.  That  tube  in  which  no  growth  is  visible  or  in 
which  it  is  greatly  reduced  in  comparison  with  the  control  (which  con¬ 
tains  no  drug)  is  noted  after  incubation  in  a  heater  at  37°  for  2U  hr. 

Both  of  these  methods  are  sufficiently  simple  and  permit  evalua- 
on  of  the  resistance  of  the  strain  isolated  to  sulfanilamides  and 
artibiotics  in  vitro,  although  the  resistance  determined  in  vitro  in 
the  laboratory  and  that  shown  by  clinical  data  (where  the  principal  in¬ 
dex  is  whether  or  not  the  drug  in  question  has  any  therapeutic  effect) 
Jo  not  always  correspond  (doing  so  in  approximately  50X  of  all  cases). 
It  Is  consequently  recommended  that  data  obtained  in  determining  the 
drug  resistance  of  bacteria  in  vitro  be  used  principally  for  compara¬ 
tive  evaluations. 

Serological  investigation 

Detection  of  Pneumococci  in  the  material  under  investigation  does 
;ot  furnish  sufficient  grounds  for  assigning  them  an  etiological  role. 
The  bacteria  responsible  for  a  disease  cause  responses  in  the  body, 
which  appear  as  formation  of  various  types  of  antibodies,  cnanges  in 
dermal  sensitivity  tc  specific  antigens,  etc.  A  proper  and  conclusive 
evaluation  of  the  role  of  ;he  Pneumococci  isolated  in  the  etiology 
or  pathogenesis  of  the  disease  in  question  can  consequently  be  made 
only  by  setting  up  a  number  of  serological  reactions. 

A  skin  test  using  heat-  or  formalin-killed  Pneumococci  suspended 
in  physiological  solution  as  the  antigen  is  of  great  value.  The  sus¬ 
pension  is  administered  intracutaneously .  No  reaction  is  observed  at 
the  injection  site  in  patients  with  pneumococcal  pneumonia  (this  is 
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true  in  approximately  90*  of  all  cases).  In  the  overwhelming  majority 
of  healthy  persons  and  persons  suffering  from  pneumonia  of  nonpneumo- 
coccal  etiology  erubescence  and  an  infiltration  appear  at  the  injec¬ 
tion  site  within  20-24  hr.  This  reaction  is  not  typospecific .  The  ma¬ 
jority  of  authors  regard  it  as  specific  and  suggest  that  it  be  used 
for  diagnostic  purposes.  Another  diagnostic  procedure  is  to  agglutinate 
cultures  isolated  from  the  patient  with  his  serum.  It  has  been  estab¬ 
lished  that  the  agglutinin  titre  of  the  patient's  blood,  low  at  the 
beginning  of  the  illness,  usually  increases  gradually  as  it  develops. 

Precipitation  of  the  patient's  urine  (antigen),  which  is  concen¬ 
trated  by  boiling  and  filtered,  with  typed  pneumococcal  sera  is  of 
some  diagnostic  value. 

Little  research  has  been  done  on  these  reactions  and  they  have 
consequently  not  come  into  wide  practical  use. 

Detection  of  Pneumococci  by  biological  testing 

At  the  same  time  that  the  material  under  investigation  is  cultured 
on  blood  agar  doses  of  0.5  ml  are  administered  intraperitoneally  to  2 
white  mice  weighing  18-20  g. 

One  of  the  mice  is  killed  5-6  hr  after  inoculation  and  blood  taken 
from  its  heart  under  sterile  conditions  with  an  elongated  Pasteur  pi- 

/ 

pette  is  cultured  in  a  test-tube  containing  Martin's  broth  prepared  in 
accordance  with  the  formula  given  above,  to  which  5 %  of  unpreserved 
tormal  horse  serum  is  added. 

After  the  blood  from  the  heart  has  been  cultured  the  abdominal 
cavity  is  opened,  the  spleen  is  removed,  pieces  are  cut  from  it  with  a 
sterile  scissors,  and  prints  are  made  on  a  slide  by  repeatedly  press¬ 
ing  the  cut  surface  against  it  until  an  impression  free  of  blood  is  ob¬ 
tained.  The  resultant  prints  are  stained  by  Gram's  method  and  inspected 
for  microorganisms.  This  technique  is  very  useful  when  the  bacteria 
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are  not  particularly  virulent  and  thus  do  not  cause  septicemia,  so 
that  they  cannot  be  detected  in  blood  cultures. 

The  second  mouse  is  permitted  to  die  a  natural  death  of  septicemia. 
If  it  has  not  died  after  2  or  3  days  it  is  killed  and  examined  in  the 
same  manner  as  the  first  mouse. 

Streptococcal  pneumonia  -  see  page  735. 

Staphylococcal  pneumonia 

In  many  cases  the  widespread  occurrence  of  Staphylococci  greatly 
complicates  bacteriological  diagnosis  of  the  diseases  which  they  cause. 
Such  diagnosis  is  reliable  only  when  the  material  investigated  is  taken 
from  the  affected  area;  the  clinician  thus  usually  establishes  that 
pneumonia  is  staphylococcal  in  nature  from  its  clinical  and  x-ray 
characteristics.  Bacteriological  investigation  is  usually  employed  to 
confirm  or  disprove  the  clinical  diagnosis. 

Bacteriological  investigation 

Milk-salt  and  blood  agar  (see  page  904)  are  used  for  bacteriologi¬ 
cal  investigation. 

Staphylococci  are  detected  by  examination  of  material  (puncture 
specimens,  discharges,  pus,  exudates)  taken  directly  from  the  focus  of 
the  disease  (the  pleural  and  pulmonary  cavities)  and  of  blood  cultures 
made  under  absolutely  sterile  conditions.  Investigation  of  the  oral  and 
nasal  mucous  is  of  secondary  value  and  merely  supplements  the  general 
pattern. 

A  total  of  2  or  3  drops  of  the  material  to  be  investigated  are 
placed  on  the  surface  of  a  dish  containing  milk-salt  agar  and  uniformly 
distributed  with  a  sterile  spatula;  the  spatula  is  then  rubbed  over  the 
surface  of  blood  agar.  When  the  growth  on  the  milk-salt  agar  is  overly 
profuse  fewer  bacteria  grow  on  the  blood  agar,  leaving  individual  col¬ 
onies  accessible  for  isolation. 
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The  cultures  a  e  Incubated  at  37°.  The  blood  cultures  are  kept  in 
an  incubator  until  growth  (c'.oudiness)  appears.  If  no  bacterial  growth 
is  detected  after  4  or  5  days  (daily  shaking  is  recommended)  the  cul¬ 
tures  are  regarded  as  negative  and  destroyed. 

After  24  hr  the  cultures  are  removed  from  the  incubator  and  the 
growing  colonies  are  studied. 

Staphylococcal  colonies  on  solid  media  are  regular  disks  with 
smooth  margins,  a  moderately  convex  lustrous  surface,  and  a  diameter  of 
2-4  mm.  They  are  easily  removed  from  the  agar,  are  sometimes  rather  vis 
cous,and  are  an  opaque  golden-orange,  lemon-yellow,  or  white  in  color. 
It  should  be  kept  in  mind  that  certain  strains  of  Staphylococcus  re¬ 
quire  a  longer  time  and  a  source  of  light  for  pigment  formation.  When 
colonies  of  unpigmented  Staphylococci  are  observed  they  are  consequent¬ 
ly  assigned  to  the  species  Staphylococcus  albus  only  after  being  left 
to  stand  at  room  temperature  for  3-4  days. 

Pathogenic  strains  of  Staphylococcus  are  usually  surrounded  by  a 
zone  of  more  or  less  pronounced  hemolysis  on  blood  agar. 

Staphylococcal  colonies  having  nothing  in  common  with  those  des¬ 
cribed  above  are  encountered,  albeit  rarely.  They  are  very  large  and 
flat,  have  nonuniform  serrated  edges,  a  matte  surface,  and  often  a 
yellowish  tint,  and  are  nonpathogenic  (they  do  not  coagulate  plasma, 
do  not  produce  toxin,  io  not  hemolyze  erythrocytes,  and  cannot  be 
types  with  phages).  Only  microscopic  examination  shows  the  character¬ 
istic  clusters  of  gram-positive,  rather  large  cocci. 

In  liquid  media  Staphylococci  produce  a  strong  diffuse  turbidity; 
some  strains  form  a  film.  A  sediment  is  deposited  at  the  bottom  of  the 
test-tube  when  it  is  permitted  to  stand,  but  rises  in  a  viscous  mass 
when  it  is  gently  shaken.  Staphylococci  are  gram-positive;  staining 
by  Oram's  method  is  obligatory  in  investigating  Staphylococcal  cultures 

-  802  - 


A  A 


Under  the  microscope  Staphylococci  are  rather  regular  spherical 
cocci  0.6-0. 9  microns  in  diameter.  They  occur  singly,  in  pairs,  and 
even  in  short  chains  of  2-4  cocci,  but  the  principal  form  is  irregular 
clusters  resembling  bunches  of  grapes.  Pathogenic  strains  usually  ap¬ 
pear  lilac  in  color,  while  nonpathogenic  strains  are  an  Intense  blue. 

Strains  of  Staphylococci  isolated  from  single  colonies  (no  less 
than  3  cultures  from  each  patient)  are  investigated  for  pathogenic 
properties  and  sensitivity  to  antibiotics.  Material  is  transferred 
daily  from  the  blood  cultures  to  blood  agar  and  the  resultant  cultures 
are  subjected  to  the  same  investigative  techniques. 

There  is  no  single  generally  recognized  pathogenic  trait  common  tr 
all  strains  of  Staphylococcus.  In  practice,  the  pathogenicity  of  a 
staphylococcal  culture  is  determined  from  a  complex  of  its  properties: 
pigment  formation,  hemolysis  of  erythrocytes,  coagulation  of  blood 
plasma,  production  of  exotoxin,  and  lysis  by  type  phages.  Pathogenicity 
is  determined  in  vivo  only  for  special  studies.  This  test  is  not  oblig¬ 
atory  in  establishing  a  bacteriological  diagnosis. 

In  laboratory  diagnosis  an  obligatory  criterion  of  the  pathogen¬ 
icity  of  staphylococcal  cultures  is  their  plasma-coagulating  ability 
(see  page  903 . 

All  cultures  which  coagulate  plasma  over  a  given  observation  per¬ 
iod  are  regarded  as  pathogenic;  cultures  which  do  not  coagulate  plasma 
are  considered  nonpathogenic  and  not  Investigated  further. 

The  pathogenicity  of  staphylococcal  cultures  is  also  characterized 
by  their  ability  to  produce  alpha-hemolysin  of  varying  strength.  The 
ability  of  cultures  to  produce  exotoxin  in  liquid  media  is  determined 
in  the  following  manner.  The  strains  to  be  investigated  are  cultured 
with  a  loop  in  test-tubes  containing  casein  broth  (1  liter  of  broth 
contains  600-660  ml  of  acid  casein  hydrolyzate,  200  ml  of  yeast  extract, 
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140  ml  of  wheat-bran  autolyzate,  and  0.5  g  each  of  Na2HPO^  and  Kl^PO^; 
the  mixture  la  sterilized  at  110°  for  30  min) .  The  tubes  are  placed 
in  a  desiccator  in  an  inclined  position  and  stored  in  an  incubator  for 
5  days.  At  the  beginning  and  end  of  each  working  day  20 %  of  carbon 
dioxide  by  volume  is  introduced  into  the  desiccator.  At  the  end  of  the 
5-day  period  the  tubes  are  removed  from  the  incubator  and  the  minimum 
quantity  of  toxin  which  hemolyzes  rabbit  erythrocytes  (Dhm)  is  deter¬ 
mined  in  the  live  culture.  This  reaction  is  set  up  in  the  following 
manner . 

Toxin  samples  are  diluted  by  factors  of  5,  10,  20,  40,  80,  160, 
320,  640  and  1280.  For  this  purpose  physiological  solution  is  added  to 
9  test-tubes  (for  each  culture),  pouring  1.6  ml  into  the  first  tube 
and  1  ml  into  the  remaining  8.  A  total  of  0.4  ml  of  the  toxin  to  be 
tested  is  added  to  the  first  tube  (yielding  a  dilution  of  1:5)  and 
thoroughly  stirred;  1  ml  of  the  material  from  this  tub'*  is  transferred 
to  the  second  tube  (yielding  a  dilution  of  1:10),  the  mixture  is 
stirred,  1  ml  is  transferred  to  the  third  tube  (yielding  a  dilution  of 
1:20),  etc.  When  the  final  tube  is  reached  1  ml  of  the  dilution  is  re¬ 
moved,  so  that  the  reaction  is  conducted  in  volumes  of  1  ml.  One  drop 
of  thrice-washed  rabbit  erythrocytes  diluted  by  a  factor  of  3  is  added 
to  each  tube,  the  contents  of  the  tubes  are  mixed  by  shaking  the  rack, 
and  the  tubes  are  placed  in  an  incubator  for  1  hr  and  then  left  to 
stand  at  room  temperature  for  an  additional  hour.  The  results  are  then 
evaluated;  the  toxin  titre  is  assumed  to  be  that  dilution  which  causes 
2-plus  hemolysis  of  the  erythrocytes.  The  toxin  is  considered  strong 
if  it  hemolyzes  the  erythrocytes  at  a  dilution  of  1:320  or  more,  mod¬ 
erately  strong  if  it  hemolyzes  them  at  a  dilution  of  1:80-1:320,  and 
weak  if  it  hemolyzes  them  at  a  dilution  of  1:40  or  less. 

An  indirect  index  of  the  pathogenicity  of  Staphylococci  is  their 
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lyzability  by  staphylococcal  type  phages,  since  it  is  known  that  non- 
pathogenic  strains  cannot  be  typed.  Moreover,  typing  the  cultures  un¬ 
der  investigation  aids  in  identifying  them  and  in  elucidating  the 
sources  and  propagation  modes  of  the  infection;  it  is  consequently 
both  useful  and  necessary  to  set  up  experiments  for  determining  the 
phage  types  of  the  cultures  (see  page  581). 

It  is  also  necessary  for  practical  reasons  (correct  selection  of 
antibiotics  for  therapy.  Identification  of  different  strains  isolated 
from  the  same  patient,  etc.)  to  determine  the  sensitivity  of  the  cul¬ 
tures  to  antibiotics.  A  rough  sensitivity  determination  by  the  disk 
method  is  sufficient  for  this  purpose.  In  essence,  this  method  rests 
on  the  appearance  of  zones  of  retarded  culture  growth  on  the  surface 
of  agar  around  disks  impregnated  with  antibiotics.  It  must  be  kept  in 
mind  that  the  sensitivity  to  antibiotics  determined  experimentally  in 
vitro  and  that  observed  clinically  do  not  completely  correspond.  A  cul¬ 
ture  resistant  to  a  certain  antibiotic  in  vitro  (as  determined  by  the 
disk  or  serial-dilution  method)  may  easily  be  suppressed  under  clini¬ 
cal  conditions,  since  in  the  latter  case  it  is  subject  not  only  to  the 
action  of  the  antibiotic , but  to  that  of  the  entire  complex  of  the 
body's  protective  adaptations. 

Serological  investigation 

Determination  of  the  staphylococcal-antitoxin  level  of  the  pa¬ 
tient's  blood  serum  under  dynamic  conditions,  i.e.,  at  the  beginning 
and  end  of  the  illness,  is  the  most  widely  employed  of  the  serological 
reactions . 

In  this  case  the  titration  is  based  on  neutralization  of  the  he¬ 
molytic  properties  of  staphylococcal  toxin  with  the  antitoxin  in  the 
patient’s  serum.  In  setting  up  this  reaction  it  is  necessary  to  have 
standard  toxin  with  a  precisely  titrated  hemolytic  limit  (Lh),  i.e., 
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the  minimum  quantity  of  toxin  which  will  cause  almost  complete  hemoly¬ 
sis  of  erythrocytes  when  mixed  with  1  antitoxic  unit  (AU). 

Before  setting  up  the  experiment  all  the  sera  to  be  tested  are 
heated  at  56®  for  30  min  to  destroy  the  hemolysins  to  rabbit  erythro¬ 
cytes  present  in  some  human  sera. 

Sera  containing  one  or  more  antitoxin  units  are  titrated  with  1/5 
Lh  of  toxin.  Portions  of  1  ml  of  the  various  serum  dilutions  are  mixed 
with  1  ml  of  dilute  toxin  corresponding  to  1/5  Lh.  After  shaking  1  drop 
(0.05  ml)  of  thrice-washed  erythrocytes  diluted  by  a  factor  of  3  with 
physiological  solution  is  added  to  each  tube. 

When  the  antitoxin  content  of  the  serum  may  be  less  than  1  unit 
it  is  diluted  only  by  a  factor  of  5,  1  ml  portions  are  poured  j^ito  test- 
tubes,  1  ml  of  toxin  diluted  to  a  content  of  1/10,  1/20,  or  1/40  Lh 
per  ml  is  added,  the  contents  of  the  tubes  are  mixed  by  shaking  the 
rack,  and  1  drop  of  erythrocytes  is  added  to  each  tube.  The  total  re¬ 
action  volume  is  2  ml .  The  following  controls  are  set  up  in  titrating 
sera:  1)  test  serum  -  2  ml  of  serum  diluted  to  1:10;  2)  erythrocytes  - 
1  drop  of  washed  rabbit  erythrocytes  diluted  by  a  factor  of  3  in  2  ml 
of  physiological  solution;  3)  toxin  —  1/20  and  1/40  Lh,  each  in  a  vol¬ 
ume  of  2ml. 

The  results  are  evaluated  after  incubating  the  mixture  at  37°  for 
1  hr  and  at  room  temperature  for  1  hr,  noting  all  hemolysis  v'ith  an  in¬ 
tensity  of  2  plusses  or  less.  The  results  are  regarded  as  reliable 
when  the  controls  react  properly,  i.e,,  when  hemolysis  does  not  occur 
in  the  tubes  containing  the  test  serum  and  erythrocytes.  The  control 
toxins  should  cause  hemolysis,  3-plus  (almost  complete  hemolysis)  at 
1/40  Lh  and  4-plus  (complete  hemolysis)  at  1/20  Lh. 

The  serum  titre  is  considered  to  be  that  dilution  which  prevents 
intensive  hemolysis  of  the  rabbit  erythrocytes  when  mixed  with  the 
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toxin  (the  hemolysis  should  be  of  no  more  than  2-plus  intensity).  In 
order  to  determine  the  titre  of  the  undiluted  serum  its  dilution  fac¬ 
tor  is  multiplied  by  the  toxin  dose  used.  Thus,  for  example:  1)  if 
1  ml  of  serum  diluted  by  a  factor  of  5  neutralized  1/40  Lh  of  toxin 
its  titre  i.n  5  x  1/40,  i.e.,  0.125  AU;  2)  if  1  ml  of  serum  diluted  by 
a  factor  of  40  neutralized  1/5  Lh  of  toxin  its  titre  is  40  x  1/5,  i.e., 
8  AU. 

The  antitoxin  content  of  the  patient's  blood  usually  rises 
throughout  the  course  of  a  staphylococcal  infection,  thus  confirming 
the  etiological  role  of  Staphylococcus  in  the  disease  in  question.  The 
antitoxin  titre  may  fail  to  increase  in  severely  weakened  patients  and 
in  certain  other  cases  (anergia). 

DISEASES  CAUSED  BY  H.  INFLUENZAE 
Prof.  K.I.  Matveyev 

Haemophilus  influenzae  (Afanas'yev-Pfeyffer)  belongs  to  the  fam¬ 
ily  Brucellaceae,  and  the  order  Eubacteriales .  It  is  found  rather  com¬ 
monly  in  the  mucosa  of  the  upper  respiratory  passages  in  man;  when  the 
body's  resistance  to  infection  is  lowered  it  may  cause  meningitis 
(especially  in  children),  acute  inflammation  of  the  respiratory  pas¬ 
sages,  pneumonia,  empyema,  bronchitis,  laryngitis,  conjunctivitis, 
acute  and  chronic  otitis,  and  other  diseases. 

Morphology  of  H.  Influenzae 

All  the  species  of  bacteria  belonging  to  the  genus  Haemophilus  are 
3hort  rods  with  an  almost  coccoid  shape  (Fig.  88)  1-1.5  micron  long  and 
0.3-0. 4  micron  wide.  They  are  very  polymorphous  and  may  form  filaments 
(Fig.  89).  They  are  immobile,  do  not  form  spores,  and  are  gram-nega¬ 
tive.  When  isolated  from  the  body  the  majority  of  species  grow  only 
on  media  containing  certain  factors  found  in  blood  or  plant  tissues. 

These  bacteria  stain  slowly  with  analine  dyes;  5-15  min  is  re- 
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Pig,  88.  Day-old  culture  Pig.  89.  Day-old  culture 
of  H.  influenzae  on  solid  of  H.  influenzae  on  sol- 
medium.  1000  x.  id  medium,  filamentous 


forms.  1000  x. 

quired  for  staining  with  carbol  fuchsin  diluted  by  a  factor  of  10. 
Biology  of  H.  Influenzae;  cultural  characteristics 

The  growth  factors  or  growth  vitamins  known  as  the  X  and  V  fac¬ 
tors  play  a  large  role  in  the  growth  of  haemophilus  on  nutritive  media. 
The  X  factor  is  found  in  blood,  is  thermostable,  and  is  not  decomposed 
when  blood  or  Its  products  are  autoclaved.  The  blood  of  various  ani¬ 
mals  or  an  aqueous  solution  of  hematln  fluoride  is  used  as  a  source  of 
the  X  factor.  The  V  factor  is  present  in  the  tissues  of  plants  and  ani¬ 
mals  and  is  produced  by  many  bacteria.  It  was  assumed  that  this  thermo- 
labile  factor  was  a  vitamin  and  it  was  consequently  named  the  V  factor. 
It  is  now  known  that  the  V  factor  is  coenzyme  1  or  coenzyme  2.  A  solu¬ 
tion  of  pure  coenzyme  1  in  high  dilutions  can  be  used.  The  V  factor  Is 
usually  obtained  from  baker's  yeast:  a  suspension  of  100  e  of  yeast  is 
made  up  in  400  ml  of  distilled  water  (pH  4.6),  boiled  for  10  min, 
centrifuged  or  filtered  through  paper  (pH  7*0),  sterilized  by  filtra¬ 
tion,  and  stored  in  sterile  form  in  a  glass  vessel  with  a  glass  stop¬ 
per. 

When  culturing  these  bacteria  on  liquid  media  from  3  to  10S  of 
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TABLE  63 


Biological  Properties  of  Species  of  the  Genus  Hae¬ 
mophilus 
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Symbols;  +)  Positive;  -)  negative;  +  )  may  or  may  not 
be  positive;  ?)  not  investigated;  [+])  weakly  posi¬ 
tive. 


1)  Species;  2)  morphology;  3)  capsule;  4)  requires  X  factor;  5)  re¬ 
quires  V  factor;  6)  hemolysis;  7)  biochemical  activity;  8)  indol;  9) 
dextrose;  10)  levulose;  11)  galactose;  12)  maltose;  13)  lactose;  14) 
sucrose;  15)  mannitol;  16)  zylose;  17)  glucose;  18)  reduces  citrates; 
19)  M.I.  Afanas’yev;  20)  coccobacteria  or  filaments;  21)  the  same;  22) 
bacteria  or  filaments;  23)  bacteria,  often  with  pointed  ends;  24) 
large  thick  bacteria  or  filaments;  25)  coccobacteria  or  short  fila¬ 
ments;  26)  thick  bacteria,  sometimes  with  pointed  ends,  or  filaments; 
27)  long  thin  rods,  often  short  chains. 


Fields’s  decomposed  blood,  which  contains  the  X  factor,  or  yeast  ex¬ 
tract,  which  contains  the  V  factor,  is  added  to  them. 

Pour  of  the  species  of  the  genus  Haemophilus  isolated  from  man 
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require  both  the  X  and  V  factors,  2  species  require  only  the  V  factor, 
and  4  species  require  only  the  X  factor  (Table  63). 

In  culturing  these  bacteria  it  should  be  kept  in  mind  that  yeast 
extract  often  contains  both  the  V  factor  and  small  quantities  of  the 
X  factor  sufficient  for  raisins;  certain  X-dependent  strains. 

Antigenic  structure;  serotypes 

The  first  generations  of  S-form  H.  influenzae  have  capsules  when 
Isolated  from  the  body.  Such  capsular  strains  can  be  preserved  in 
fresh  rabbit  blood  at  4° .  If  these  conditions  are  not  met  they  may 
lose  their  capsules  as  a  result  of  dissociation  to  the  R  form.  Freshly 
Isolated  noncapsular  strains  are  variants  of  the  rough  form.  The  cap¬ 
sules  of  the  individual  strains  differ  in  antigenic  properties,  since 
they  contain  6  different  polysaccharides.  H.  Influenzae  is  divided  In¬ 
to  6  serotypes  (a,  b,  c,  d,  e,  and  f)  in  accordance  with  its  capsular 
antigens.  Serotype  b  is  most  frequently  isolated  from  man.  Capsular 
strains  are  more  pathogenic  for  mice  than  noncapsular  strains. 

Precipitation-agglutination  reaction.  The  capsular  antigens  can 
be  used  to  obtain  specific  antisera  with  high  tltres,  which  permit 
precise  determination  of  the  serological  types  of  H.  influenzae.  A 
urop  of  serum  Is  applied  to  a  slide  and  a  small  quantity  of  bacteria 
from  a  typical  colony  is  introduced  into  it.  After  a  few  minutes  pre¬ 
cipitation  and  agglutination  occur  with  the  serum  of  the  type  to  which 
the  bacterium  isolated  belongs.  The  reaction  is  first  set  up  with 
type  b' serum.  In  some  cases  slow  granular  agglutination  cakes  place 
as  a  result  of  the  reaction  between  the  common  somatic  antigen  and 
agglutinins  to  it.  This  reaction  is  nonspecific. 

The  precipitation-agglutination  reaction  can  be  set  up  in  test- 
tubes.  For  this  purpose  a  culture  is  incubated  overnight  on  blood 
broth  and  various  serum  dilutions  are  added  to  it;  the  culture  and  se- 
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run  are  taken  In  equal  volumes  (0.5  or  1  ml).  The  tubes  are  placed  in 
a  heater  for  4  hr  and  a  preliminary  evaluation  Is  then  made;  they  are 
then  left  to  stand  overnight  In  a  refrigerator  and  the  final  results 
are  evaluated  In  the  morning.  At  low  serum  dilutions  (1:20)  a  disk  of 
precipitate  forms  at  the  bottom  of  the  tube,  breaking  up  when  the  uube 
Is  shaken. 

Laboratory  Diagnosis  of  Diseases  Caused  by  H.  Influenzae 
Material  for  examination:  taking  of  samples 

In  diseases  of  the  respiratory  passages  and  Inflammations  of  the 
ear  mucous  and  pus  are  taken  with  a  swab,  in  pneumonia  sputum  Is  col¬ 
lected  In  a  Petri  dish.  In  empyema  the  intrapleural  exudate  or  pus  Is 
Investigated,  and  In  meningitis  the  spinal  fluid  Is  examined. 
Microscopic  and  bacteriological  Investigation 

Por  culturing  of  mucous  and  3putum  on  nutritive  media  suppurative 
lumps  are  rinsed  In  physiological  solution  and  cultured  on  Lewlnthal’s 
blood  (chocolate)  agar  (see  page  8l4)  and  on  fresh  blood  agar  con¬ 
taining  10*  rabbit  or  horse  blood.  H.  influenzae  is  very  unstable  out¬ 
side  the  body,  rapidly  dying  when  the  mucous,  sputum,  or  pus  dries  out; 
the  cultures  must  consequently  be  made  shortly  after  the  material  Is 
taken . 


Pig.  90.  Colonies  of 
H.  influenzae.  Two- 
day  culture.  8  x. 


Smears  are  prepared  on  slides  from  the 
suppurative  lumps,  flame-fixed,  trained  for 
5-10  min  In  carbol  fuchsln  diluted  by  a 
factor  of  10,  end  examined  microscopically. 

Colonies  of  hemoglobinophlllc  bacteria 
grow  to  rather  large  size  on  Lewlnthal’s  me¬ 
dium,  which  facilitates  their  recognition. 
After  Incubation  at  37°  for  24  hr  colonies 
of  capsular  strains  are  1-3  mm  In  diameter; 


bll 


they  are  substantially  larger  than  the  colonies  of  noncapsular  strains 
and  slightly  whitish  in  color,  have  a  smooth  glossy  surface  and  uniform 
margins,  and  are  round  in  shape  (Fig.  90).  Colonies  of  noncapsular 
strains  on  this  medium  reach  a  diameter  of  0.5-1  mm,  having  nonuniforir 
margins  and  a  convex  center.  Smears  are  prepared  on  slides  from  colon¬ 
ies  grown  on  blood  agar  and  Lewinthal's  medium,  stained  with  Ziehl's 
fuchsln  (1:10),  and  examined  microscopically.  Typical  bacteria  are 
subjected  to  serological  investigation  and  transplanted  to  liquid  media 
for  further  investigation. 

When  cultured  on  liquid  blood  media  (Lewinthal's  or  Fields's 
broth)  from  colonies  K.  influenzae  produces  a  homogeneous  growth  with 
a  slight  sediment  at  the  bottom.  Coc jobacterial  forms  produce  a  uni¬ 
form  turbidity,  while  filamentous  forms  form  flakes. 

Precipitation  reaction.  When  H.  influenzae  is  raised  in  liquid 
media  or  when  a  suspension  in  physiological  s^'utlen  or  distilled 
water  is  prepared  from  cultures  on  solid  media  the  specific  capsular 
antigen  dissolves  in  the  liquid.  It  can  be  detected  in  such  solutions 
by  a  precipitation  reaction  with  typospecific  sera.  The  reaction  is 
set  up  in  slender  test-tubes,  using  absolutely  clear  liquid  and  serum. 
In  order  to  obtain  a  clear  fiuiu  from  a  culture  or  the  patient's  ex¬ 
creta  it  is  centrifuged.  The  fluid  is  overlayered  on  a  small  quantity 
of  serum  with  a  Pasteur  pipette.  A  white  ring  appears  at  the  boundary 
between  the  serum  and  the  fluid  after  a  few  minutes.  If  the  appearance 
of  the  ring  is  delayed  the  tubes  are  placed  in  an  incubator  for  10-20 


Precipitation  reactions  can  be  set  up  with  various  fluids  ob¬ 
tained  from  the  patient.  Annular  precipitation  can  be  employed  to  in¬ 
vestigate  the  spinal  fluid  In  meningitis  cr  the  serous  fluid  from  the 
pleural  or  abdominal  cavity.  In  a  prolonged  illness  the  patient's 
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#Ul  live  a.  precipitation  reaction  as  a  result  of  the  cap- 
Ahtlgen  accumulated  In  It.  The  precipitation  reaction  can  be  used 
bo  detect  the  specific  capsular  polysaccharides  of  H.  Influenzae  In  the 
patient's  urine. 

In  setting  up  a  reaction  with  fluids  from  the  patient  it  Is  ne¬ 
cessary  to  keep  In  mind  the  fact  that  there  may  be  a  cross-precipita- 
tlon  reaction  between  type  a  H.  Influenzae  capsular  serum  and  pneumo¬ 
coccal  antigen  of  subgroup  6B,  between  type  B  serum  and  pneumococci 
~>t  subgroups  6,  6A,  6B,  15a,  29,  35B,  and  between  type  c  serum  and 
pneumococci  of  subgroups  11,  11B,  19,  21,  and  33B. 

Nelfeld's  reaction.  A  hanging  drop  is  prepared  with  a  loopful  of 
a  young  culture  from  Lewinthal's  broth  and  a  drop  of  typocpeclflc  H. 
Influenzae  capsular  serum  and  a  drop  of  Loeffler's  methylene  blue  are 
introduced  into  it.  On  microscopic  examination  the  capsules  are  clear¬ 
ly  seen  around  the  bacteria,  which  are  stained  blue.  There  are  no 
cross-reactions  between  the  sera  of  different  types  of  H.  influenzae. 
The  broth  culture  must  be  taken  at  an  age  of  5-6  hr,  before  the  cap¬ 
sular  substance  has  dissolved  In  the  liquid  and  while  It  still  sur- 
I 

rounds  the  bacterial  cells.  If  the  laboratory  has  available  capsule¬ 
forming  type  strains  a,  b,  c,  d,  e,  and  f  they  can  be  used  to  detect 
antibodies  to  the  capsular  antigen  In  the  patient's  serum  a  week  or 
more  after  the  onset  of  the  illness. 

Differentiation  of  H.  Influenzae  from  other  hemogloblnophlllc  bac¬ 
teria.  The  fact  that  H.  influenzae  rapidly  dissociates  to  the  R  form 
makes  it  quite  difficult  to  differentiate  it  from  other  hemoglobino- 
phlllc  bacteria.  Some  species  can  be  distinguished  by  the  appearance 
of  their  colonies  in  semiliquid  (0.151)  agar.  Thus,  colonies  of  H. 


aegyptius  are  comet-shaped,  fluffy,  and  broadened  at  the  base,  colonies 
of  noncapsular  H.  Influenzae  are  granular  in  structure,  and  colonies 
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of  capsular  H.  Influenzae  are  always  large  and  fluddy. 

H.  aegyptius  agglutinates  0.5 %  suspensions  of  erythrocytes  of  all 
human  blood  groups  when  equal  volumes  of  culture  and  erythrocytes  are 
mixed  and  Incubated  at  room  temperature.  No  other  species  of  Haemophilus 
agglutinates  erythrocytes. 

Diffusion  in  agar  (see  page  148)  can  be  employed  to  determine  the 
antigenic  properties  of  the  bacteria  isolated.  This  technique  permits 
conclusive  differentiation  of  the  various  species  of  Haemophilus. 

H.  haemolyticus  forms  large  colonies  surrounded  by  zones  of  hemo¬ 
lysis  on  blood  agar;  this  clearly  distinguishes  it  from  H.  influenzae, 
which  does  not  cause  hemolysis . 

In  differentiating  hemoglobinophilic  bacteria  it  is  necessary  to 
determine  all  the  other  characteristics  of  the  individual  species, 
which  are  shown  in  Table  60. 

Nutritive  Media 

Lewlnthal's  medium:  10f  of  defibrinated  blood  is  added  to  agar 
preliminarily  melted  and  cooled  to  60°  and  the  mixture  is  thoroughly 
stirred,  placed  in  a  water  bath,  and  held  at  75-80°  until  the  agar 
takes  on  a  chocolate  color. 
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PLAGUE 


N.  N.  ZHUKOV-  VEREZHNIKOV,  PROFESSOR,  MEMBER  OP  THE  AMN  USSR, 

AND  S.  I.  KKARLAMPOVICH,  CANDIDATE  OF  BIOLOGICAL  SCIENCES 

Plague  Is  one  of  the  particularly  dangerous  Infections  and  Is  a 
typical  zoonotic  disease  with  natural  focus.  The  disease  In  humans,  as 
a  rule.  Is  preceded  by  epizootic  disease  of  rodents.  Rodents  (gophers, 
marmots,  mice,  rats,  etc. )  are  the  Infection  reservoir  In  nature  and 
transmit  It  from  one  to  another  mainly  via  fleas.  Humans  can  be  In¬ 
fected  by  sick  rodents,  also  via  the  fleas,  which  subsequently  leads 
to  flareups  of  plague  among  the  population.  The  Infection  mainly  as¬ 
sumes  the  bubonic  form  of  plague  which  can  change  to  the  pulmonary 
form  which  has  a  tendency  to  rapid  spreading  In  the  form  of  an  epidem¬ 
ic. 

In  our  country,  inmediately  after  the  Great  Socialist  October  Rev¬ 
olution,  the  Communist  Party  and  the  Soviet  Government  began  to  carry 
out  widespread  sanitary  measures.  Die  rapid  growth  of  culture  and  the 
wellbeing  of  the  working  masses  and  also  the  prophylactic  measures  re¬ 
sulted  in  the  liquidation  of  plague  in  the  Soviet  Uhion. 

However,  plague  is  still  encountered  in  certain  countries  border¬ 
ing  on  the  USSR,  where  epidemics  of  this  disease  sometimes  assure  im¬ 
pressive  dimensions.  Furthermore,  plague  foci  still  occur  In  the  East 
and  Southeast  of  the  USSR  among  rodents.  It  Is  thus  clear  that  Soviet 
medical  workers  must  have  a  good  knowledge  of  this  disease  to  be  able 
to  recognize  the  first  cases  of  plague  In  time  and  to  organize  the  Im¬ 
plementation  of  antiepidemic  Treasures. 


Morphology  of  P.  pestla 

GSie  plague  microbe  (Pasteurella  pestls)  usually  has  an  ovoid 
shape,  a  length  of  1  to  and  a  width  of  0.3  to  0.7m>  &nd  la  gram  neg¬ 
ative,  with  a  typical  bipolar  stain  (when  the  central  part  of  the  body 
of  the  microbe  Is  stained  less  Intensely  than  the  ends).  This  form 
predominates  In  the  smears  from  tissues  and  excretions  of  humans  and 
animals  and  also  from  young  broth  cultures  (V.  M.  Tumanskly,  1958).  On¬ 
ly  In  protracted  cases  of  plague  In  humans  (festering  abscesses,  ul¬ 
cers)  and  also  In  old  cultures  are  modified  plague  bacteria  sometimes 
found  In  the  form  of  poorly  stalnable  Individuals,  spherical  or  elon¬ 
gated  forms,  etc.  In  the  smears  from  one  or  two  day  old  agar  cultures, 
small  bacilli  with  either  weak  bipolarity,  sometimes  without  any,  are 
seen  either  singly  or  In  small  groups  (Fig.  91)*  In  the  smears  from 


Fig.  91.  Past. 
pestls.  Two  day 
cld  agar  cul¬ 
ture. 


Fi*.  92.  Past. 
pestls.  Broth 
culture.  Chains; 
parked  bipolar¬ 
ity. 


broth  cultures,  the  plague  bacteria  are  grouped  In  chains  of  varying 
length,  normally  with  marked  bipolarity  (Fig.  92).  On  agar  contalidng 
3%  conmon  salt,  odd  Involutionary  forms  can  be  seen  regularly.  When 
grown  on  artificial  nutrient  media  at  elevated  temperature  (37°),  the 
plague  microbe  forms  a  capsule  (Fig.  93)*  The  capsule  forms  more  read¬ 
ily  on  moist  and  slightly  acid  nutrient  media.  Capsules  are  very  rarely 
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found  In  the  organs  of  cadavers.  In  sputum 
pnd  the  fluid  from  the  abscesses  (N.  N. 
Zhukov- Verezhnikov,  1944).  Plague  microbes 
do  not  form  spores.  Cilia  are  absent. 
Biology  of  P.  pestle;  culture  properties 
The  usual  nutrient  media  (meat  pep¬ 
tone  agar,  broth)  with  a  £H  =  6. 9-7. 2  are 

Fig.  93.  Past,  pestls.  suitable  for  growing  P.  pestls.  The  temper- 

Culture  at 37°.  Clear-  ” 

ly  visible  capsules.  ature  optimum  is  between  28-30  .  Growth  is 

possible  at  a  temperature  of  5-10°  and  at 
37°.  The  culture  is  usually  kept  at  28°.  It  is  advisable  for  stimulat¬ 
ing  the  growth  of  plague  microbes,  to  add  to  the  nutrient  medium  sodl- 
m  sulfite,  hemolyzed  blood  or  Fields'  broth,  which  are  substances  capa¬ 
ble  of  restoring  the  redox  potential  (sodium  sulfite)  and  of  stimulat¬ 
ing  the  synthesis  of  the  respiration  enzymes  (hemin).  The  growth  of 
plague  microbes  is  visible  on  agar  plates  within  only  24  hours  in  the 
form  of  a  frail  grayish  bloom.  The  colonies  on  agar  belong  to  the  R 
form.  The  beginning  development  of  colonies  is  detected  by  the  appear¬ 
ance  of  very  small  soft  lumps  and  later  of  flat  lamellar  formations 
with  irregular  outlines,  reminiscent  of  lace  kerchiefs  ,Jlg.  94).  They 
are  only  slightly  hyaline.  In  transmitted  light  the  color  is  grayish- 
white  with  a  bluish  shade  and  in  reflected  light,  white-gray.  Under 
low  magnification,  noticeable  chromogenlclty  is  observed,  imparting  a 
brownish  or  yellowish  tinge  to  the  center  of  the  colonies  and  a  ragged 
periphery  and  also  a  highly  characteristic  tuberosity  to  the  surface 
(Fig.  95)-  fi3ie  colonies  are  viscid,  particularly  when  grown  at  37°. 
Typical  for  the  colonies  is  a  considerable  polymorphism  (see  Fig.  95). 
Thus,  the  ragged  fringe  is  often  absent,  the  surface  of  the  colonies 
is  altered,  etc.  Old  colonies  are  very  polymorphous.  The  Twort  phenome- 
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■non  la  sometimes  observed  (Fig.  96):  hya¬ 
line  regions  of  the  colonies  as  seen  macro- 
scopically,  and  strlatlon  of  these  regions 
under  th^  microscope. 

On  broth,  the  culture  grows  In  the 
form  of  flakes,  suspended,  as  a  rule.  In 
completely  transparent  fluid,  with  a  loose 

Fig.  9^.  Young  growth  sediment  on  the  bottom.  Upon  prolonged 

of  Past,  pestls  on 

agar  plate.  storage,  the  media  form  the  so-called 

plague  stalactites  which  hang  down  from 
the  surface  of  the  medium.  The  plague  microbe  Is  capable  of  fermenting 
various  sugars  and  alcohols  without  gas  evolution  and  In  the  virulent 
form  secretes  flbrinolyslns.  According  to  the  data  of  I.  V.  Domorad- 
skiy  and  0.  A.  Yaromyuk,  flbrinolyslns  can  also  be  detected  In  the  av- 
irulent  forms,  albeit  in  smaller  quantity.  Three  subspecies  of  the 
plague  microbe  are  found:  one  of  them  (P.  pestls .  var.  maralottae )  fer¬ 
ments  glycerol  and  Is  Isolated  In  continental  foci  of  wild  plague, 
where  pulmonary  plague  often  ocours,  and  also  contains  the  special  PT 
antigen  (T.  D.  Fadeyeva);  the  other  (P.  Pestls.  var.  rattl )  does  not 
ferment  glycerol,  does  not  contain  the  above  mentioned  antigen  and  is 
Isolated  in  oceanic,  mainly  "rat"  foci  (for  example,  in  India),  where 
primary  pulmonary  plague  is  rare;  the  third  subspecies  (P.  pestls.  var. 
cl tell! )  differs  from  the  first  two  by  not  having  any  nitrogen- fixating 
capacity.  It  was  first  Isolated  from  the  organism  of  the  small  gopher. 

Characteristic  for  the  plague  microbe  Is  an  adaptive,  dissociate e 
and  mutational  variability.  It  is  capable  of  entering  Into  sexual  re¬ 
combination  with  E.  coll  Hfr  and  to  acquire  under  artificial  conditions 
the  capacity  of  hydrolyzing  lactose  (F.  Jacob).  The  species-forming 
variability  expresses  itself  mainly  In  the  direction  of  the  formation 
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Pig.  96.  Parts  of  Past,  peatls  colon¬ 
ies,  subjected  to  the  action  of  phage 
The  strlatlon  of  the  colonies  can  be 
seen  (Twort  phenomenon). 
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of  forma  very  similar  to  Bact.  pseudotuberculosla  rodentlvua  (A.  A. 

Bessonova,  0.  N.  Lenskaya).  The  plague  microbe  and  the  closely  related 
pseudotuberculosis  microbe  belong  to  the  group  of  germs  responsible 
for  hemorrhagic  septicemia  (Pasteurella).  but  occupy  a  special  posi¬ 
tion. 

Laboratory  Diagnosis  Of  Plague 

Peculiarities  of  the  laboratory  examination  of  material,  containing  P. 
pestle 

Plague  is  enormously  contagious  and  Is  one  of  the  diseases  which 
must  be  Immediately  reported  to  the  local  authorities  and  the  Health 
Ministry  of  the  USSR  as  soon  as  It  Is  detected. 

The  talcing  of  sample  material  from  patients  (particularly  with 
the  pulmonar  form),  as  all  laboratory  tests,  must  be  carried  out  with 
the  observation  of  measures  which  fully  ensure  the  safety  of  the  labor¬ 
atory  personnel.  Among  these  measures  are  explanations  to  the  person¬ 
nel  concerning  the  pathways  by  which  the  infection  can  spread  and  the 
methods  of  personal  prophylaxis,  the  correct  use  of  the  antiplague 
suit,  reliable  continuous  disinfection  and  timely  disinfection  of  mate¬ 
rial,  reliable  final  disinfection,  correct  storage  of  Infected  materi¬ 
al,  Infected  animals  and  cultures,  and,  finally,  limitation  of  the  num¬ 
ber  of  persons  working  with  Infected  material. 

The  antiplague  suit  consists  of  an  overall,  properly  protecting 
the  back  and  neck,  a  gown,  rubber  or  leather  (Impermeable)  boots,  pro¬ 
tective  goggles  (of  the  driver's  or  pilot's  type),  very  convenient  be¬ 
ing  clean  and  smooth  cellophane  (which  does  not  dim  like  goggles),  a 
second  gown,  rubber  gloves,  a  towel,  moistened  with  a  disinfectant  so¬ 
lution  (tucked  Into  the  belt  on  the  right  side)  and,  finally,  the  most 
Important  element  of  the  suit  -  the  cotton- gauze  antiplague  mask.  Nec¬ 
essary  Is  also  a  kerchief  which  covers  completely  all  exposed  parts  of 


A 


the  face  and  head. 

She  cotton-gauze  mask  should  be  sufficiently  large  to  cover  the 
nose,  mouth  and  chin. 

To  prepare  the  cotton-gauze  mask,  a  continuous  layer  of  white  hy¬ 
groscopic  cotton  wool  with  a  thickness  of  1.5  cm,  a  length  of  25  cm 
and  a  width  of  15  cm  is  covered  with  a  double  layer  of  gauze  cloth, 
the  ends  of  the  latter  cut,  thus  forming  four  straps,  two  of  which  are 
tied  at  the  back  of  the  head  and  two  on  the  forehead. 

When  the  mask  has  been  donned,  a  cottonwool  tanpon  Is  Inserted  In* 
to  the  space  around  the  wings  of  the  nose.  It  Is  best  to  wrap  every 
mask  together  with  the  tampon  in  a  separate  paper  bag  and  to  use  it 
after  It  has  been  sterilized.  When  the  work  Is  completed,  all  the 
parts  of  the  suit  are  disinfected  by  complete  immersion  in  5#  lysol. 

The  goggles  are  soaked  in  70°  ethyl  alcohol.  The  basic  principle  of 
current  disinfection  consists  in  the  fact,  that  everything  which  can 
be  burnt  (for  example,  cadavers  of  rodentB)  is  disposed  of  in  this 
manner  or  autoclaved.  The  remainder  is  disinfected  by  soaking  In  5 <£ 
lysol  for  24  hours.  The  syringes  and  autopsy  instruments  are  boiled  in 
lysol  for  40  minutes.  The  floor,  walls  and  the  laboratory  table  are 
wiped  from  time  to  time  with  3%  lysol.  The  hands  are  steeped  in  3%  ly¬ 
sol. 

Finally,  a  complete  wet  disinfection  of  the  entire  room  and  equip¬ 
ment  with  10£  lysol  Is  carried  out.  Cultures  and  Infected  material 
must  be  kept  In  safes,  which,  like  the  thermostats,  must  be  sealed. 

All  Inoculations  of  media  are  recorded  dally  in  a  Journal  and  the  re¬ 
maining  number  of  all  types  of  cultures  is  recorded  at  the  end  of  each 
working  day. 

The  experimental  animals  (guinea  pigs}  are  kept  In  a  separate 
room  in  high  glass  Jars,  each  animal  separately.  The  Jars  are  wound 
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with  two-layer  gauze  soaked  In  lysol  and  wrung  out.  Nice  are  kept  in 
jars  placed  Into  a  wire  mesh  box  with  a  sheet  metal  lid.  The  animals 
and  the  work  carried  out  with  them  are  recorded  dally.  All  work  In  the 
laboratory  Is  carried  out  only  In  the  complete  antiplague  stilt. 

Hie  laboratory  work  with  plague  cultures  Is  regulated  by  special 
Instructions  of  the  Health  Ministry  of  the  USSR. 

Materials  for  examination;  taking  of  specimens 

The  following  materials  may  be  brought  Into  the  laboratory:  1)  the 
contents  of  the  bubo  (bubonic  form  of  plague);  2)  the  discharge  from 
the  ulcer  or  a  specimen  obtained  by  puncture  of  a  carbuncle  (cutaneous 
form);  3)  matter  from  the  oral  cavity  taken  with  a  tampon  and  sputum 
(pulmonary  form  of  plague);  4)  autopsy  material  (parts  of  the  organs 
of  cadavers,  blood);  5)  live  rodents;  6)  cadavers  of  rodents;  7)  fleas 
from  rodents  and  humans;  8)  water;  9)  food  products.  The  air  Is  also 
tested  In  some  cases.  These  materials  must  be  taken  prior  to  prescrib¬ 
ing  therapeutic  preparations  because  etiotropic  preparations  (for  ex¬ 
ample,  antibiotics  or  sulfonamides)  make  the  subsequent  Isolation  of  a 
culture  very  difficult.  Besides,  when  the  sputum  and  the  bubo  contents 
are  microscopically  examined  after  administration  of  these  prepara¬ 
tions,  the  number  of  bacteria  In  the  smears  decreases  and  they  soon  be¬ 
come  undetectable. 

The  Importance  of  the  microbiological  diagnosis  Is  enormous,  par¬ 
ticularly  for  detecting  the  first  cases  of  plague,  whose  diagnosis  on 
the  basis  of  the  clinical  pattern  alone  Is  almost  Impossible.  The  pre¬ 
liminary  diagnosis  Is  established  on  the  basis  of  the  microscopic  exam¬ 
ination  of  the  material,  and  the  final  diagnosis  on  the  basis  of  the 
Isolation  and  Identification  of  the  oulture. 

Macroscopic  Examination 

The  smears  are  fixated  by  complete  loners ion  into  Nikiforov's 
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solution  (mixture  of  equal  parts  of  alcohol  and  ether)  for  20  minutes 
and  the  aloohol  residues  are  then  burned. 

Onus  staining  is  necessary  in  all  instances.  At  the  same  time  it 
is  useful  to  stain  the  smears  tilth  LBffler's  methylene  blue  because 
this  method  shows  the  bipolarity  more  clearly  (overstaining  must  be 
avoided! ). 

A  few  fixed  smears  should  be  left  unstained  as  reserves. 
Bacteriological  investigation 

Isolation  of  oultures  is  essential  in  all  cases,  where  the  estab¬ 
lishment  of  a  reliable  diagnosis  is  necessary. 

In  typical  cases,  normal  lnooulatlon  on  agar  plates  (jdH  =  7- 2-7. 3) 
makes  it  possible  to  Isolate  the  culture.  It  is  preferable  to  carry 
out  the  inoculation  with  a  loop  by  applying  the  material  in  streaks. 
More  rarely,  the  material  is  distributed  with  a  spatula.  The  examina¬ 
tion  of  the  Inoculated  plates  is  carried  out  within  only  10-12  hours. 
When  the  cultures  are  kept  at  25-28°,  growth  in  the  form  of  kerchiefs 
can  be  observed.  Later,  within  24-48  hours,  individual  colonies  or 
growth  in  streaks  are  formed.  The  cultures  are  kept  in  the  thermostat 
for  5-7  days. 

A  complication  in  the  normal  oourse  of  isolation  of  a  pure  cul¬ 
ture  can  occur  in  cases,  when  other  microorganisms  grow  on  the  agar, 
during  examination  of  putrescent  matter  and  the  presence  of  plague  bac¬ 
teriophage  in  the  starting  material. 

It  is  particularly  difficult  to  Isolate  a  culture  when  a  complex 
of  the  corresponding  antibiotics  and  sulfonamide  preparations  has  been 
used  for  therapy  (N.  N.  Zhukov- Verezhnlicov  and  N.  K.  Zav'yalova,  1959). 
Special  measures  must  then  be  taken  for  Isolating  the  culture.  Intense 
inoculation  of  a  medium  with  high  sensitivity  (see  further  on)  and  al¬ 
so  an  Increase  in  the  number  of  sanples  taken  from  the  same  patient. 
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are  to  be  considered  as  the  principal  measures  of  this  kind. 

When  colonies  of  plague  bacteria  are  detected  among  extraneous 
bacterial  flora.  It  Is  necessary  to  examine  carefully  all  colonies, 
first  with  the  unaided  eye  and  then  under  very  low  magnification  under 
the  microscope.  The  plague  colonies  normally  grow  more  slowly  than  the 
others,  particularly  during  the  first  24  hours.  They  can  be  discerned 
among  large  colonies  of  extraneous  microflora  and  a  certain  quantity 
of  culture  can  be  taken  with  a  loop  In  such  a  manner  as  to  contain  the 
suspected  colonies,  and  this  mixture  of  microbes  can  then  be  Inoculated 
on  an  agar  dish  and  It  can  also  be  used  to  Infect  guinea  pigs  subcutan¬ 
eously  and  by  rubbing  It  Into  the  depilated  skin.  In  this  case  the  cul¬ 
tures  must  be  kept  at  28°  as  usual.  If  possible.  It  Is  advantageous  to 
maintain  part  of  the  cultures  at  15°,  which  slows  down  the  growth  of 
the  extraneous  microbes.  The  Isolation  of  a  culture  from  putrescent  ma¬ 
terial  requires  special  measures.  It  is  possible  to  obtain  a  pure  cul¬ 
ture  of  P.  pestls  by  Inoculating  with  the  object  under  examination  agar 
which  has  been  mixed  with  an  alcoholic  solution  of  gentian  violet  or 
the  same  dye  with  sulfite  (selective  medium,  Bee  p.  59).  When  examin¬ 
ing  putrescent  corpses  or  cadavers  of  camels  or  rodents  for  plague.  It 
Is  recommended  to  Inoculate  selective  and  standard  media  with  marrow 
from  the  tubular  bones.  We  have  succeeded  In  this  manner  In  Isolating 
a  pure  culture  from  putrescent  corpses  even  4-5  months  after  burial  in 
summer. 

The  dye  addition  markedly  retards  the  development  of  extraneous 
flora  and  particularly  of  proteus  which  always  threatens  specific  cul¬ 
tures  because  of  their  slow  growth.  Oentlan  violet  sometimes  also  In¬ 
hibits  the  growth  of  the  plague  culture  slightly,  hence  It  is  neces¬ 
sary  to  prepare  cultures  on  standard  agar  as  well. 

The  development  of  the  bacteria  during  their  Isolation  Is  often 
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inhibited  by  bacteriophage.  It  can  appear  even  in  pure  cultures,  caus¬ 
ing  a  visible  disappearance  of  growth.  To  surmount  this  obstacle,  it 
Is  reconmended  to  use  antiphage  serum,  applying  0.1  ml  of  it  and  dis¬ 
tributing  it  in  a  uniform  layer  over  the  agar  surface  prior  to  inocul'1 
tlon  with  the  test  material.  Subculturing  on  media  with  antiphage  se¬ 
rum  should  be  carried  out  as  long  as  the  culture  has  not  acquired  the 
capacity  to  grow  on  standard  media. 

When  It  Is  believed  that  the  test  material  contains  only  small 
muribere  of  microbes,  high  sensitivity  media  must  be  used.  To  this  end, 
0.  lf>  rabbit  or  horse  blood  Is  added  to  the  nutrient  medium.  Fields ' 
agar  is  also  used. 

Sodium  sulfate  la  added  to  the  medium  for  the  same  purpose.  V.M. 
Tumanskiy  worked  out  a  selective  high- sensitivity  medium  (blood  or 
antiphage  serum  with  gentian  violet). 

When  the  pure  culture  has  been  isolated  by  direct  inoculation  or 
as  a  result  of  infection  of  guinea  pigs.  Identification  can  be  carried 
out  on  the  basis  of  the  following  data:  a)  the  external  appearance  of 
che  colonies  on  agar;  b)  typical  growth  on  broth;  c)  typical  morphol¬ 
ogy  of  the  microbes  in  smears  and  gram-negative  stain;  d)  typical  pa- 
thoanatomlcal  pattern  observed  on  laboratory  animals  when  Infected 
with  the  pure  culture;  e)  agglutination  with  specific  serum;  f)  behav¬ 
ior  with  respect  to  the  specific  bacteriophage.  Agglutination  need  not 
be  carried  out  In  this  case. 

The  investigation  of  the  enzymatic  properties,  the  mobility,  etc. 
Is  carried  out  only  In  special  cases  for  differential  diagnosis  to  dis¬ 
tinguish  it  from  related  species  of  bacteria  (see  Tables  64  and  65). 

Agglutination  with  somatic  sera  must  be  carried  cut  In  a  volume 
of  1  ml  in  wide  test  tubes  with  cotton  wool  plugs.  Dilutions  1:5,  1:10, 
1:20,  1:40,  1:80,  1:160,  1:320,  1:640,  1:1280.  The  emulsion,  prepared 
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from  a  live  culture,  grown  In  the  cold,  la  added  In  auch  quantity  that 
a  final  concentration  of  200,000  olorobea  per  1  ntL  Is  obtained.  The  re¬ 
sults  are  noted  after  -tt  been  kept  at  37*  ±or  2  hours  and  again 
after  the  test  tubes  have  stood  In  the  cold  for  12-18  hours. 

The  agglutination  with  capsule  serum  Is  carried  out  In  the  same 
manner  but  the  culture  In  this  case  Is  grown  at  37°  and  checked  for 
the  presence  of  capsules. 

The  titers  of  the  somatic  sera  vary  within  the  limits  1:160  -  1: 
1280,  rarely  higher,  those  of  capsule  sera  within  the  limits  1:20  -  1: 

,  i 

160. 

Owing  to  Its  greater  specificity  and  greater  accuracy  of  the  reac¬ 
tion,  agglutination  with  capsule  serum  Is  preferable. 

The  antiplague  sera  give  a  group  reaction  with  the  microbe  of  ro¬ 
dent  pseudotuberculosis. 

The  phage  test  is  carried  out  on  Bolld  media  by  placing  a  drop  of 
phage  on  a  fresh  culture  and  on  liquid  media  by  adding  phage  to  a 
three-hour  broth  culture  in  a  quantity  corresponding  to  1/10  of  the 
culture  volume. 

A  final  conclusion  Is  arrived  at  on  the  basis  of  a  study  of  the 
complex  of  characteristics  of  the  test  culture.  The  phenomenon  of  vari¬ 
ability  must  be  taken  Into  acoount. 

The  differentiation  of  the  plague  microbe  and  the  microbe  of  ro¬ 
dent  pseudotuberculosis  can  be  achieved  only  by  comparison  of  all  the 
distinguishing  characteristics.  To  these  belong  mainly  the  morphology 
of  the  colonies,  the  minimum  inoculation  dose,  the  mobility,  the  be¬ 
havior  with  respect  to  rhamnoBe,  adonltol,  to  bacteriophage  and  the 
pathological  pattern  of  the  animals.  Each  of  these  characteristics  Is 
In  Itself  not  constant. 

Examination  of  rodents  for  plague  Is  usually  carried  out  In  a 


specially  equipped  room.  Field  rodents  (gophers,  marmots,  gerblls,  etc. 
are  caught  by  means  of  various  methods  and  the  rodent  cadavers  are  al¬ 
so  collected  on  the  plains. 

Denes tic  rodents  (mice,  rats)  are  caught  In  traps.  The  rodents 
are  collected  with  observation  of  all  the  rules  for  ensuring  the  safe¬ 
ty  of  the  collecting  personnel  (rubber  gloves,  lysol,  buckets  fitted 
with  lids  for  the  collected  rodents,  etc. ).  Live  rodents  are  killed 
with  chloroform.  For  this  purpose  It  is  sufficient  to  throw  a  piece  of 
cotton  wool,  soaked  In  chloroform.  Into  the  Jar  and  to  close  It  tight¬ 
ly. 

Prior  to  autopsy,  the  rodents  are  Immersed  In  kerosene  for  several 
minutes  for  disinfection  and  pinned  down  on  a  board,  half  submerged  In 
a  tray  filled  with  lysol.  The  autopsy  Is  performed  with  sterile  Instru¬ 
ments  kept  In  a  beaker  with  alcohol.  The  alcohol  on  them  Is  Ignited 
when  they  are  to  be  used.  All  manipulations  are  carried  out  in  the  com¬ 
plete  antiplague  suit.  The  use  of  syringes  and  pincers  allows  complete 
avoidance  of  touching  the  rodents  with  the  hands.  After  the  autopsy, 
the  rodent  cadavers  are  burned  or  autoclaved;  the  table,  board  or 
floor  around  the  table  are  drenched  with  5&  lysol.  The  instruments  are 
boiled  for  40  minutes. 

The  lymph  nodes,  spleen,  liver,  lungs,  blood  and  exudates  are  ex¬ 
amined  during  the  autopsy.  Pieces  of  organs  are  cut  out  with  scissors 
and  Inoculation  on  agar  Is  carried  out  by  touching  Its  surface  with 
the  piece  of  tissue  and  subsequent  streaking  with  a  loop.  The  blood 
taken  from  the  heart  with  a  pipette  Is  used  to  Inoculate  agar  and 
broth.  Then  contact  smears  -  are  made.  Investigation  Is  carried  out  in 
all  cases  by  Infecting  experimental  animals.  If  a  large  number  of  ro¬ 
dents  are  examined,  the  socalled  biological  group  test  Is  used.  This 
consists  In  injecting  a  guinea  pig  with  an  emulsion  from  the  spleen 
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and  lymph  nodes  of  15-20  of  the  rodents  under  examination.  The  rodents 
are  combined  Into  such  groups  only  when  they  are  of  the  same  species 
and  have  been  caught  In  the  same  place. 

If  the  pathoanatomlcal  pattern,  bacterloscopy  or  other  data  give 
rise  to  even  the  slightest  suspicion  of  plague.  Individual  Infection 
of  test  animals  Is  obligatory.  In  this  case,  the  guinea  pig  Is  Inject¬ 
ed  with  an  emulsion  made  from  pieces  of  spleen,  liver  and  lymph  nodes. 

When  rodent  cadavers  which  are  already  decomposed  to  some  degree, 
are  subjected  to  examination,  measures  are  taken  for  suppressing  the 
extraneous  microflora  (see  above)  and  also  the  highly  effective  meth¬ 
od  of  inoculating  with  bone  marrow,  where  the  secondary  microflora 
penetrates  last  during  putrefaction  Is  applied. 

For  this  purpose,  the  femur al  bone  of  the  rodent  Is  freed  of  the 
soft  tissues.  Its  surface  disinfected  with  alcohol,  which  Is  then  burn¬ 
ed,  and  the  bone  Is  cut  Into  halves  with  sterile  shears.  The  surface 
of  the  bone  marrow  taken  with  a  syringe,  pipette  or  thick  loop. 

Diagnosis  of  bubonic  plague.  An  Inflamed  lymph  node  with  ltB  sur¬ 
rounding  tissue  Is  termed  a  bubo,  Hie  bubo  Is  the  main  symptom  In  this 
form  of  plague  and  appears  during  the  first  days  of  the  disease. 

The  bacteriological  diagnosis  of  bubonic  plague  In  humans  Is  car¬ 
ried  out  by  examination  of  the  contents  of  bubos  and  of  the  blood. 

The  material  Is  extracted  from  the  bubo  with  a  syringe  following 
preliminary  treatment  of  the  skin  with  alcohol  or  Iodine,  from  the  cen¬ 
tral  and  also  the  peripheral  part  of  the  bubo  In  view  of  the  circum¬ 
stance  that  It  la  more  difficult  to  Isolate  the  germ  from  the  central 
part  when  softening  of  the  tissues  (neorosis)  has  taken  place.  If  the 
bubo  is  open,  the  material  removed  from  the  ulcer  and  the  firm  tissue 
at  the  periphery  Is  examined.  It  la  best  to  effect  the  inoculations 
and  smears  directly  with  the  syringe.  1-2  ml  of  broth  Is  then  taken 


with  the  syringe  and  given  to  a  guinea  pig  subcutaneously,  lntraperi- 
toneally  or  by  Inunction.  The  latter  Is  particularly  important,  when 
the  smear  shows  the  presence  of  a  mixed  Infection.  When  a  patient  re- 
covers,  repeated  examination  of  the  bubo  contents  Is  necessary,  be¬ 
cause  the  patient  can  be  discharged  only  after  two  negative  findings 
on  the  bubos  with  Intervals  of  5-6  days  a  month  after  clinical  recov¬ 
ery. 

Inoculation  with  blood  Is  effected  with  regard  to  premature  bac- 
terlemla  or  septicemia  appearing  at  the  end  of  the  disease. 

It  Is  difficult  to  determine  the  optimum  ratio  of  blood  and  broth 
volume  In  each  case.  Hence,  one  ought  to  proceed  in  the  following  way: 

2  ml  of  blood,  taken  with  a  syringe  from  the  ulnar  vein  vein  of  the  pa¬ 
tient,  Is  placed  Into  a  test  tube  with  2  ml  of  broth.  Having  mixed  It, 

4  nd.  of  the  mixture  Is  taken  with  a  graduated  pipette,  and  transferred 
Into  the  next  tube  with  16  ml  of  broth,  etc. ,  until  the  eighth  five¬ 
fold  dilution  has  been  achieved.  All  test  tubes  are  placed  Into  the 
thermostat  at  28°  for  5  days  and  examined  dally.  When  a  growth  appears, 
a  control  test  must  be  carried  out  to  determine  Its  specificity  (smears 
and  Inoculations  on  agar).  This  method  can  be  used  to  determine  the  de¬ 
gree  of  bacteremia,  because  the  maximum  dilution  In  which  growth  can 
still  be  observed.  Increases  In  proportion  to  the  increase  In  the  num¬ 
ber  of  microbes  in  the  blood. 

Diagnosis  of  the  septic  form  of  plague.  The  septic  form  appears 
as  a  result  of  entry  of  a  highly  virulent  plague  microbe  Into  the  or¬ 
ganism  with  a  diminished  resistance  or  when  infection  with  plague  from 
human  fleas  takes  place  (in  some  of  the  cases). 

The  bacteriological  diagnosis  of  the  septic  form  of  plague  is  es¬ 
tablished  on  the  basis  of  the  blood  test.  The  Inoculations  are  carried 
out  on  broth  and  on  agar  plates.  The  guinea  pigs  are  Infected  subcut- 
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aneously  or  intraperi tone ally.  Smears  are  also  prepared  because  with 
this  form  of  the  disease,  the  microbes  can  be  directly  observed  In 
them  and  sometimes  even  when  present  In  small  n.tbers  (0.  A.  Wolfertz) . 

Diagnosis  of  primary  pulmonary  plague.  When  the  plague  microbe 
gets  Into  the  lungs,  primary  plague  pneumonia  develops.  The  bacterio¬ 
logical  diagnosis  of  this  form  of  plague  is  established  on  the  basis 
of  tests  on  the  sputum  or,  more  rarely,  material  from  the  pharynx. 

The  material  from  the  pharynx  Is  taken  with  a  sterile  cottonwool 
swab,  as  far  as  possible  trying  to  take  It  from  the  tonsils  and  the 
ueep  parts  of  the  pharynx,*  the  Inoculations  and  smears  are  made  direct¬ 
ly  with  the  swab.  The  material  Is  then  washed  off  the  swab  Into  a  test 
tube  with  1  ml  of  broth  by  carefully  but  strongly  rubbing  It  In  the 
latter.  When  the  swab  Is  taken  out  of  the  test  tube  It  Is  pressed 
against  the  walls  In  order  to  extract  the  maximum  amount  of  material. 
The  suspension  thus  obtained  is  used  for  Infecting  guinea  pigs  by  sub¬ 
cutaneous  Inunction,  and  Intraperl tone  illy.  It  should  be  emphasized 
that  the  preliminary  microscopic  examination  of  smears  sometimes  does 
not  give  a  positive  result,  because,  on  the  one  hand,  few  plague  germs 
may  be  present  and,  on  the  other,  a  mlcroflora  Is  present  which  gives 
a  similar  microscopic  pattern.  It  Is  Important  to  keep  this  in  mind 
during  treatment.  Since  the  time,  when  pulmonary  plague  became  curable, 
diagnosis  has  become  more  difficult,  particularly  when  the  patient  has 
already  been  given  sulfonamide  preparations.  However,  when  gram  nega¬ 
tive  ovolds  with  marked  bipolarity  are  found,  the  smears  must  be  con¬ 
sidered  to  be  suspect. 

The  sputum  is  collected  In  a  wide  Petri  dish;  small  clots  of  it 
(preferably  taken  from  bloody  parts  at  different  points)  are  transfer¬ 
red  to  the  agar  surface  close  to  the  ec’ge  of  the  dish  and  there  care¬ 
fully  rubbed  In  on  e.  small  area  with  the  pincers.  The  pincers  with  the 


remaining  material  are  then  placed  In  a  sterilizer  with  5#  lysol  for 
boiling  and  the  material  distributed  over  the  whole  dish  with  a  loop, 
not  covering  more  than  1/5  of  the  Inoculated  surface  with  the  first 
streaks.  The  smears  (about  10)  are  prepared  from  different  parts  of 
the  sputum.  Pieces  of  sputum  are  carefully  mixed  with  pincers  Into 
2-2.5  ml  of  sterile  broth  for  Infecting  animals  with  sputum.  The  sus¬ 
pension  Is  collected  with  a  syringe  and  given  to  guinea  pigs  subcutane¬ 
ously  (several  guinea  pigs)  and  lntraperl toneally.  When  Infection  Is 
carried  out  by  Inunction,  a  little  sputum  can  be  applied  to  the  sur¬ 
face  of  the  shaven  and  scarified  skin  and  rubbed  In  as  Indicated  above. 

I  I 

She  microscopic  examination  of  smears  from  sputum  Is  of  great  impor¬ 
tance  In  the  diagnosis  of  primary  pulmonary  plague,  particularly  In 
presence  of  epidemiological  and  clinical  indications  because  In  combin¬ 
ation  with  these  Indications  It  is  the  basis  for  establishing  a  tenta¬ 
tive  diagnosis  and  taking  the  first  measures  (isolation  of  the  patient 
and  those  which  have  been  in  contact  with  him,  quarantine  of  his  liv- 
1  z  quarters,  etc.).  , 

The  number  of  plague  microbes  in  the  smears  during  the  early  fever 
period  is  very  small,  various  cocci  and  other  microflora  being  predom¬ 
inant.  In  these  cases  it  is  jessential  to  sample  the  sputum  repeatedly. 
Even  a  few  hours  after  the  first  sputum  samples  have  been  taken  from 
an  untreated  patient,  an  increase  in  the  number  of  bipolar  gramnegative 
organisms  and  a  decrease  in  the  other  microflora  are  observed.  This 
change  is  evidently  rapid  and  in  proportion  to  the  aggravation  of  the 
disease,  may  tenninate  with  a  complete  disappearance  of  the  secondary 
microflora  from  the  sputum  which  then  contains  a  pure  culture  of  plague 
microbes.  The  differential  diagnosis,  distinguishing  between  primary 
pulmonary  plague  and  other  kinds  of  pneumonia  is  often  of  great  impor¬ 
tance.  A  complex  scheme  of  sputum  examination  has  been  worked  out  for 
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these  cases,  which  enables  a  differential  diagnosis  to  be  established, 
distinguishing  plague,  anthrax,  glanders,  streptococcus,  Frledl&ider 
and  pneumococcus  pneumonia  and  also  psittacosis  and  melioidosis.  The 
complex  method  is  as  follows  (N.  N.  Zht  Jcov- Verezhnikov,  1944). 

1.  20  smears  from  sputum  are  prepared  (or,  if  there  is  no  sputum, 
from  the  pharynx  by  means  of  a  swab).  The  sampling  is  carried  cut  re¬ 
peatedly.  Contact  smears  from  lungs,  spleen,  liver,  blood,  etc. ,  are 
prepared  after  autopsy.  They  are  gram-stained  or  stained  with  methyl¬ 
ene  blue  and  Romanovs kiy-Giemsa  dye. 

2.  Cultures  of  sputum  or  pieces  from  organs  are  carried  out:  a)  on 
several  dishes  with  normal  agar  (pH  ■  7* 2 *7* 3),  the  cultures  being 
grown  at  28  and  37°;  b)  on  0.5#  blood  agar;  c)  on  agar  with  gentian 
violet  and  sulfite;  d)  on  2#  glycerol  agar. 

3.  Infection  of  the  animals  is  carried  out  by  different  methods; 
a)  guinea  pigs  -  subcutaneously,  intraperltoneally  and  by  inunction 
(it  is  desirable  to  infect  2  guinea  pigs  by  each  method).  Infection 
with  a  suspension  of  3putum  or  a  ground-up  mixture  of  pieces  of  lung, 
spleen  and  liver;  b)  2  white  mice  subcutaneously,  one  intraperitoneal- 
ly  (i« ,  excluding  coccus  and  some  other  types  of  pneumonia).  When  the 
aninu  ..  die,  an  autopsy  is  carried  out  on  them  and  cultures  from  the 
organs  and  smears  are  prepared.  When  necessary,  animals  are  Infected 
with  organs  from  those  that  have  died.  When  there  are  several  guinea 
pigs.  Infected  subcutaneously  with  the  same  material,  one  of  them  is 
killed  48-55  hours  later  and  smears  and  cultures  prepared  from  the  in¬ 
jection  site,  the  nearest  lymph  gland  and  organs. 

4.  From  the  grown  colonies,  new  cultures  and  smears  are  made  and 
stained  by  the  Gram  and  Burri-Gin’s  methods.  The  mobility  is  deter¬ 
mined  by  the  hanging  drop  method. 


5.  The  cultures  thus  obtained  are  again  injected  into  mice  and 
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guinea  pigs  subcutaneously  and  the  species  Identified  (staining  series, 
phage  test,  agglutination,  etc.}. 

6.  Even  If  the  Isolated  germ  does  not  belong  to  any  particularly 
dangerous  type  (for  example,  pneur jcoccus,  streptococcus)  Its  Identifi¬ 
cation  Is  nevertheless  completed  In  the  prescribed  sequence.  The  char¬ 
acteristics  of  germs  subject  to  differentiation  are  given  In  Table  65- 

J.  By  means  of  separate  subcultures,  the  resistance  to  antibiotics 
and  chemotherapeutic  preparafio.  •.  Is  determined  as  early  as  possible. 

To  accelerate  the  procedure,  the  qualitative  method  of  growing  a  mi¬ 
crobe  gason  on  agar  plates  with  circles  of  filter  paper.  Impregnated 
with  a  certain  preparation  Is  used.  During  the  further  course  of  In¬ 
vestigation  of  the  strains,  the  resistance  is  definitely  determined  by 
allowing  different  concentrations  of  the  preparations  to  act  on  them. 
Finally,  It  Is  useful  In  some  cases  to  determine  the  sensitivity  of  In¬ 
dividual  colonies. 

Diagnosis  of  the  cutaneous  form  of  plague.  The  bacteriological 
diagnosis  of  the  cutaneous  form  of  plague  is  made  on  the  basis  of  an 
examination  of  tissues  from  the  pharynx  and  the  thickened  tissue  around 
an  ulcer  or  puncture  of  a  plague  carbuncle.  Otherwise  the  procedure  i3 
*A\>.  same  as  with  the  bubonic  form. 

When  intestinal  infection  is  suspected,  the  feces  are  tested.  When 
blood  is  present,  the  bloody  part  of  the  feces  Is  taken.  Otherwise  t’ 
procedure  is  the  same  as  in  the  examination  of  putrescent  material. 

Diagnosis  of  meningeal  affections.  If  plague  meningitis  is  sus¬ 
pected,  Bi  inal  fluid  taken  under  sterile  conditions  is  used  as  initial 
material.  Otherwise,  the  procedure  is  tno  same  as  with  the  septic  for.... 

Examination  c.'  car  .vers,  IXirlng  autopsy  on  a  cadaver,  which  must 
be  carried  out  !n  antiplague  suit  and  with  observation  of  all  the 
rules,  the  blood  .  1  pieces  of  the  lungs,  spleen,  liver,  and  glands 
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(bubos)  are  taken.  The  parts  of  the  organs  In  which  the  affection  is 
suspected  to  be  present,  are  taken,  and  pieces  are  cut  from  every  lobe 
of  each  lung.  Large,  wedgeshaped  pieces  are  cut  out  from  the  bubos  and 
the  spleen. 

The  autopsy  material  Is  then  further  examined  In  the  same  manner 
as  the  cadaver  material  obtained  from  rodents  (see  above).  It  Is  neces¬ 
sary,  however,  to  make  a  large  number  of  smears  and  cultures  from  each 
piece  of  organ  and  also  to  use  a  large  number  of  guinea  pigs  for  Infec¬ 
tion  by  means  of  all  three  methods  (subcutaneous,  lntr&perltoneally, 
by  Inunction). 

Detection  of  plague  bacteria  by  means  of  the  biological  test 

Guinea  pigs  are  most  easily  Infected.  White  mice  can  be  used  for 
differential  diagnosis  or  when  guinea  pigs  are  not  available.  The  In¬ 
fection  Is  carried  out  by  different  methods,  depending  on  the  nature 
and  type  of  material.  Subcutaneous  Infection  must  always  be  carried 
out.  The  lntraperltoneal  Injection  of  the  material  speeds  up  the  diag¬ 
nosis  considerably  but  Is  relevant  only  In  cases  when  It  Is  assumed 
that  the  material  Is  not  contaminated,  and  only  In  parallel  with  the 
above  described  methods.  Putrescent  material  Is  rubbed  Into  the  skin 
of  a  guinea  pig  at  the  same  time. 

Infection  by  inunction  Is  carried  out  In  the  following  manner.  A 
skin  area  of  4  x  5  cm  In  the  region  of  the  abdomen  of  a  healthy  guinea 
pig  Is  shaven.  The  area  thus  freed  of  hairs  Is  then  moistened  with 
sterile  physiological  solution  (not  with  alcohol)  as  well  as  the  hair 
around  It.  The  skin  Is  then  scarified  with  a  scalpel  fairly  energetic¬ 
ally  but  not  so  strongly  that  It  bleeds.  2-J  drops  of  a  preferably 
very  thick  emulsion  prepared  from  the  teat  material,  are  then  applied 
to  the  scarified  area  with  a  pipette  and  rubbed  In  with  the  flat  part 
of  the  scalpel  until  the  scarified  part  becomes  dry.  The  material  Is 
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applied  and  rubbed  In  under  a  large  glass  funnel.  The  subcutaneous  In¬ 
fection  Is  carried  out  by  Injection  on  the  internal  jurface  of  the 
thigh  or  the  lower  part  of  the  abdomen  after  the  hair  has  first  been 
removed  from  this  area  and  It  has  been  disinfected  with  alcohol.  When 
intraperitoneal  infection  is  carried  out,  it  is  preferable  to  pierce 
the  skin  first  with  a  sharp,  sterile  needle,  then,  using  the  opening 
thus  formed,  to  inject  the  material  with  a  blunt  needle.  The  careful 
selection  of  the  parts  of  the  syringe  and  care  in  carrying  out  the  in¬ 
jection  are  essential.  The  asslstent  should  immobilize  the  animal 
properly. 

When  a  sufficient  number  of  microbes  is  present  in  the  test  mate¬ 
rial,  the  guinea  pigs  infected  by  inunction,  usually  die  on  the  5-7th 
day,  those  infected  subcutaneously,  on  the  4-6th  day  and  those  infected 
intraperitoneally,  on  the  3-5th  day.  These  are  average  times.  They  can 
vary  within  wide  limits.  The  guinea  pigs  may  even  survive,  hence  it  is 
l-econnended  to  kill  the  animals  on  the  7-9  th  day  after  infection.  In 
udltion  to  preparing  cultures,  fresh  guinea  pigs  can  then  be  infected 
with  the  emulsion  from  the  organs  of  the  killed  animal.  When  the  pre¬ 
sence  of  phage  is  suspected,  it  is  recommended  to  mix  the  emulsion 
with  an  equal  volume  of  antiphage  serum  and  to  inject  this  mixture, 
after  hairing  let  it  stand  for  an  hour,  into  a  guinea  pig  subcutaneous¬ 
ly. 

Earlier  diagnosis  is  possible  by  examining  one  of  the  two  guinea 
pigs,  which  have  been  infected  subcutaneously,  after  only  1-2  days: 
the  region  of  the  lymph  nodes  near  the  injection  site  is  palpated  and 
when  the  nodes  are  enlarged  or  when  several  infected  animals  are  avail¬ 
able,  even  without  this  symptom,  the  animals  are  killed  with  chloroform 
and  an  autopsy  is  performed  on  them. 

Contact  smears  and  cultures  are  made  and,  if  necessary,  repeated 
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Infection  of  animals  Is  carried  out,  using  material  from  the  point  of 
Injection  on  the  lymph  nodes  and  the  tissue  around  the  Injection  site, 
which  Is  usually  edematous.  The  pathoanatomlcal  pattern  must  be  ob¬ 
served  during  the  autopsy  of  the  animals. 

The  following  elements  of  the  pathological  pattern  are  of  diag¬ 
nostic  Importance:  Infiltration  of  the  subcutaneous  blood  vessels.  In¬ 
crease  and  hemorrhagic  Infiltration  of  the  regional  lymph  nodes,  pres¬ 
ence  of  necrotic  nodules  In  the  spleen  (more  rarely  In  the  liver),  dys¬ 
trophy  of  the  parenchymatous  organs  and  exudative  phenomena  (with  hem¬ 
orrhagic  appearance).  In  the  case  of  lntraperl toneal  Infection,  the 
lesions  of  the  mesenteral  lymph  nodes  and  the  formation  of  necrotic 
nodules  are  usually  less  marked  and  may  be  completely  absent.  A  vis¬ 
cous  exudate  Is  found  In  the  abdominal  cavity  which  Is  relatively 
clear.  The  parenchymatous  organs  show  a  marked  granular  dystrophy.  In 
typical  cases,  an  enormous  number  of  gram-negative,  bipolar,  ovoid, 
and  polymorphous  microorganisms  are  found  in  the  contact  smears  from 
the  parenchymatous  organs. 

Rapid  methods  of  bacterlaloglcal  exawri  nation 

I.  The  method  of  rapid  detection  of  the  plague  germ  by  means  of 
bacteriophage.  Introduced  Into  the  test  material  (V.M.  Tumanskly  and 
coworkers)  Is  used  for  examining  objects  which  are  of  basic  practical 
Importance:  material  from  patients,  material  from  fresh  or  putrescent 
cadavers  of  humans  and  rodents,  ectoparasites,  water,  dust,  soil,  food 
products,  etc. 

Analysis  method:  the  test  material  Is  placed  on  3  agar  plates 
(Hettinger  or  Martin  agar,  with  0.2#  hemolysed  blood  and  gentian  vio¬ 
let  1.-00,000  -  Tumanskly  medium)  in  a  quantity  of  0. 05  mi  (1  drop). 

By  means  cf  a  loop,  plague  bacteriophage  (diluted  1:10)  is  applied  im¬ 
mediately  to  the  test  material  on  the  first  agar  plate  and  distributed 
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uniformly  on  the  agar  In  the  dish  by  means  of  a  glass  spatula.  The 
test  material  In  the  second  agar  dish  Is  uniformly  distributed  over 
the  entire  surface  with  a  glass  spatula  and  then  on  the  gason  thus  ob¬ 
tained,  a  drop  of  plague  bacteriophage  Is  applied  and  allowed  to  flow 
In  such  a  manner  as  to  form  a  track  across  the  agar  plate.  In  the 
third  agar  dish,  the  test  material  Is  distributed  with  a  spatula,  as 
in  the  first  two  cases,  but  bacteriophage  is  not  added  (control). 

The  results  can  be  observed  only  2^-3  hours  after  the  plates  have 
been  placed  In  the  thermostat. 

When  a  large  number  of  plague  microbes  Is  present  in  the  test  ma¬ 
terial,  small  bacteriophage  colonies  are  visible  on  the  initial  growth 
of  the  plague  microbe  (first  dish)  and  a  sterile  streak  on  the  second 
plate,  after  only  2  hours. 

II.  The  method  of  rapid  plague  diagnosis  Is  based  on  the  property 
of  plague  bacteriophage  of  multiplying  quickly  (30-40  minutes)  in  pres¬ 
ence  of  plage  microbes  (I.V.  Domoradskiy  and  coauthors). 

Analysis  procedure :  Sufficient  bacteriophage  Is  added  to  25-50  or 
-00  mi  of  the  test  and  control  liquid  to  obtain  a  phage  dilution  of 
1:50  -  1:100. 

lhe  test  and  control  sample  are  left  in  the  thermostat  for  45-60 
minutes  at  37°,  then  0.5  mi  of  the  fluid  Is  taken  from  each  sample  and 
diluted  10  x  with  broth.  10  consecutive  dilutions  (up  to  Kf^-io”11) 
are  made  up  from  the  first  dilution.  Separately,  0.5  mi  is  taken  from 
the  test  and  control  dilutions  and  added  to  2.5  mi  of  semiliquid  agar 
(0.7#),  heated  previously  ro  48-50°.  0.1-0. 2  mi  of  24  hour  old  indica¬ 
tor  culture  (vaccine  strain  of  the  plague  microbe)  is  also  added;  the 
concentration  of  this  suspension  Is  20  billions  microbes  per  1  mi. 

The  mixture  Is  carefully  stirred  and  poured  in  a  uniformly  thick 
layer  on  the  surface  of  agar  in  a  plate  (2#  Hottinger  agar).  The  cul- 
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tures  are  Incubated  at  37°.  The  results  can  be  gauged  after  3-3i  hours. 
Sterile  spots  are  visible  on  the  massive  growth  of  the  Indicator  cul¬ 
ture.  The  results  are  evaluated  on  the  basis  of  the  difference  In  the 
titer  of  the  phage  on  the  dishes  of  the  control  and  test  series. 

III.  Method  of  rapid  plague  diagnosis ,  based  on  the  quick  growth 
of  cells  of  P.  pestls  on  an  enriched  and  selective  medium  for  this  mi¬ 
crobe  (Ye.  I.  Korobkova). 

Analysis  method: 

1.  | The  suspected  material  is  used  In  a  quantity  of  0.2-0. 3  mi  to 
.inoculate  4  test  tubes  containing  enriched  medium  (send  11  quid  agar 
with  blood  and  gentian  violet),  and  0. 2-0.3  mi  of  bacteriophage  Is 
placed  on  the  surface  of  the  medium  In  one  of  the  Inoculated  test 
tubes.  All  test  tubes  are  Incubated  at  30-35* •  The  remaining  test  ma¬ 
terial  (0.1  mi)  la  Inoculated  on  agar  dishes  of  the  same  composition. 

2.  After  3  femurs  of  growth,  the  teat  tubes  are  examined  and  where 
macroscopic  growth  Is  apparent,  2-3  drops  of  the  suspension  la  trans¬ 
ferred  by  means  of  a  loop  to  2  object  glasses.  Tie  smears  are  careful¬ 
ly  dried  and  fixed  In  Nikiforov's  mixture,  stained  with  LSfiler's  me¬ 
thylene  blue  and  by  the  gram  method  and  allowed  to  dry  a  little  with¬ 
out  drying  with  a  filter  paper.  When  the  test  Is  positive,  chains  are 
visible  In  the  smears,  consisting  of  gram- negative  bipolar  bacilli. 

Tils  kind  of  growth,  however,  la  absent  In  the  test  tube  containing 
the  phage.  At  the  same  time,  the  bacterial  growth  (turbid  layer  of  the 
medium)  Is  drawn  off  from  the  surface  of  the  medium  In  one  of  the  test 
tubes  and  this  suspension  Injected  Intraperl tone ally  (0.4  mi)  Into  se¬ 
veral  white  mice.  8-10  hours  later,  the  agar  dishes  are  examined,  and 
the  Initial  growth  of  P.  pestls  can  be  seen. 

3.  10-12  hours  after  Infection,  the  mice  are  killed  and  semiliquid 
agar  of  the  same  composition  Is  Inoculated  with  the  exudate  from  the 
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peritoneal  cavity  and  pieces  of  organs  (liver,  spleen,  lymph  nodes). 
Agar  dishes  are  Inoculated  at  the  sane  time.  Examination  is  begun  4 
hours  (test  tubes)  and  8  hours  later  (dishes).  Thus,  a  preliminary  an¬ 


swer  can  be  given  4  hours  after  the  beginning  of  the  test  and  a  final 
diagnosis,  18-20  hours  later. 


TABLE  64 

Differential-Diagnostic  Characteristics 


Hlmk* 

hit.  pttllt  (|.lm) 

Pill.  pMn4o(tib*fe»lMl)  rodvnllum 
OM«»> 

Mobility 


Shape  of 
colonies 


Immobile 


Tuberous,  coarse,  some¬ 
times  with  a  fringe 
which  Is  sharply  distin¬ 
guishable  from  the  center, 
cloudy,  chromogenic  (typi¬ 
cal  strains 


Mobility  appears  during 
growing  of  the  culture  In 
the  cold 

Tuberous,  coarse  with  a 
fringe  which  Is  not  sharp¬ 
ly  distinguishable  from 
the  center,  more  transpar¬ 
ent,  more  often  chromogen¬ 
ic 


Inoculation  GrowB  on  ordinary  media 

dose  (mini-  only  when  Inoculated  with 

mum)  several  thousand  cells 


Grows  ordinary  media 
when  inoculated  with  some 
tens  of  cells 


Growth  with 
inoculation 
in  the  form 
of  a  contin¬ 
uous  streak 
of  pure  cul¬ 
ture 


Grows  on  60-70#  of  the 
streaks,  the  growth  is 
markedly  diminished  in 
proportion  to  the  distance 
from  the  first  streak  (Typ¬ 
ical  strains ) 


Grows,  as  a  rule,  on  all 
streaks,  growth  uniform 


Pathogenici¬ 
ty  for  lab¬ 
oratory  ani¬ 
mals 


Kills  guinea  pigs  and  rats. 
Typical  changes  In  the 
guinea  pig3 


Kills  guinea  pigs  and, 
more  rarely,  rats.  In 
guinea  pigs  infected  sub¬ 
cutaneously,  nodules  in 
the  liver  and 
spleen  are  found  in  typi¬ 
cal  cases;  with  intraperl - 
toneal  infection,  a  thick¬ 
ening  of  the  omentum  and 
coating  on  the  Intestines 
are  observable 
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Agglutina¬ 
tion  with  an¬ 
ti  -plage  ser¬ 
um 

Agglutinates  to  the  full 
titer.  New  strains  may 
not  be  aglutlnated 

Behavior  to¬ 
wards  plague 
bacterio¬ 
phage 

lysed  up  to  the  titer 
(except  the  modified 
strains) 

Fibrinolytic 

properties 

Has  fibrinolytic  prop¬ 
erties 

Modification 
of  the  pH  of 
the  medium 

Slow  alkallnlzatlon 
at  Initial  pH  »  5*  7 

i ictose 

- 

Glucose 

+K 

Is  often  agglutinated  to 
the  full  titer  by  somatic 
serum,  more  rarely  by 
capsule  serum 

Not  lysed,  as  a  rule 


As  a  rule,  does  not  have 
fibrinolytic  properties 

More  rapid  alkallnlzatlon 
at  Initial  pH  -  5.7 


+1C 


Glycerine 

Some  strains  - 
Some  strains  +K 

Maltose 

+K 

Adonlte 

Usuall  - 

Rhamnose 

(isodulcite) 

-  (rarely  +K) 

Raffinose 

- 

Dextrose 

- 

Sucrose 

— 

+K 

+K 

+K 

+K 

Sometimes  +K,  more  often 
Sometimes  +K,  more  often 
Sometimes  -riC,  more  often 


Symbols :  -)  No  fermentation  of  carbohydrate;  +K)  fermentation  of 
carbohydrate  to  form  acid. 

IV.  The  fluorescence -serological  method  by  means  of  which  it  is 
possible  to  detect  P.  pestla  in  air,  water,  food  products,  etc.  (see 
p.  7  4)  deserves  great  attention. 

V.  The  method  of  rapid  diagnosis,  based  on  the  antibody  neutrali¬ 
zation  reaction  (M. I.  Levi  and  A.  0.  Momot)  can  be  used  with  sucess  In 
the  examination  of  coarse  putrescent  material.  Por  this  reaction,  r 
suspension  from  spleen,  liver  or  bone  marrow  of  dead  rodents  Is  re¬ 
quired.  1 f6  (40#)  formalin  is  added  to  the  suspension.  The  suspension 
thus  obtained  is  transferred  to  a  sterile  test  tube  and  kept  at  56® 


for  30  minutes.  The  heated  suspension  is  filtered  through  paper. 
28  test  tubes  are  required  for  this  test,  arranged  thus:  1st 
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aeries  10  test  tubes,  2nd,  3rd  and  4th  series,  6  test  tubes  each. 

0.25  mi  of  the  filtrate  with  the  Index  2  Is  added  to  each  of  the 
test  tubes  of  the  2  first  series.  Series  3  tubes  (0.25  ml  each)  are 
titrated  against  previously  known  positive  antigen  (a  suspension  of 
plague  microbes  of  strain  EV76  Is  Incubated  for  72  hours  at  37°  with  a 
concentration  of  10  million  microbes  per  1  mi,  killed  with  formalin). 

0.25  mi  of  antiplague  serum  (1-4  serum  units)  Is  added  to  each 
test  tube  of  the  1st  (test),  3rd  and  4th  series. 

0.25  mi  of  solvent  (1$  solution  of  normal  rabbit  serum)  Is  added 
to  each  test  tube  of  the  2nd  series. 

Following  Incubation  at  a  temperature  of  37°  for  1-2  hours,  a 
drop  of  erythrocytes  (sensitized  by  capsule  antigen  of  the  plage  germ) 
is  added  to  each  of  the  28  test  tubes,  then  the  test  tubes  are  shaken 
carefully  and  allowed  to  stand  at  room  temperature.  The  reaction  is  ob¬ 
served  after  14-18  hours.  Typical  for  a  positive  reaction  is  the  settl¬ 
ing  of  the  erythrocytes  to  the  bottom  of  the  test  tubes  in  the  form  of 
a  button.  The  negative  reaction  does  not  give  an  agglutination  of  the 
erythrocytes  and  the  button  phenomenon  is  absent. 

Detection  of  the  gent  in  the  environment 

Examination  of  fleas  and  other  ectoparasites.  Paramount  impor¬ 
tance  La  being  attached  at  the  present  time  to  the  investigation  of 
fleas.  The  fleas  are  sorted  out  into  species  for  the  purpose  of  the 
microbiological  investigation.  Subsequently,  individual  fleas  and  even 
small  groups  (30-50  specimens)  from  each  species  can  be  examined.  Ev¬ 
ery  flea  on  which  an  autopsy  is  to  be  performed.  Is  Immersed  in  96°  al¬ 
cohol  for  a  few  minutes  and  then  rinsed  two  or  three  times  with  sterile 
physiological  solution.  It  is  then  dissected  under  a  magnifying  glass 
and  the  stomach  and  Intestine  removed  and  made  into  an  emulsion  In 
physiological  solution.  The  suspension  thus  obtained  Is  Injected  into 
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laboratory  animals  and  used  to  Inoculate  nutrient  media  (V.  A.  Bychkov 
and  A.  X.  Borzenkov). 

When  small  groups  of  fleas  are  to  be  examined,  they  are  washed 
with  several  portions  of  sterile  physiological  solution,  ground  In  a 
mortar  and  the  suspension  thus  prepared  Injected  intraperitoneally  in¬ 
to  laboratory  animals,  while  part  of  the  suspension  Is  used  to  Inocu¬ 
late  media  containing  antiplague  antlphage  serum.  The  same  method  is 
used  when  ticks  and  their  larvae,  nymphs,  bugs  and  lice  are  Investi¬ 
gated. 

Water  Is  tested  by  culturing  and  Infection  of  guinea  pigs.  Hie  ma¬ 
terial  In  the  water  Is  concentrated  first  by  two  parallel  methods,  by 
methods  of  precipitation  and  by  means  of  membrane  filters. 

Die  testing  of  air  to  determine  the  presence  of  suspended  droplets 
and  particles  containing  microorganisms  (for  example,  In  wards  where 
patients  with  pulmonary  plague  are  present)  Is  carried  out,  as  indi¬ 
cated  on  p.  266. 


tain*  Kla/hj- 


Phage  Titer  Crowth  Reaction 
D.  M.  Gol ' dfarb,  Professor 

Plague  bacteriophage,  supplied  by  the  Institute  "mkrob",  has 
been  proposed  as  Indicator  phage,  as  standard  culture,  the  a virulent 
strains:  EB,  No.  1  and  No.  17  (Domoradskiy). 

The  application  of  the  phage  titer  growth  reaction  for  the  Indica¬ 
tion  of  plague  microbes  Is  based  on  experimental  studies,  carried  out 
by  Domoradskiy  and  coworkers,  who  showed  that  by  using  the  phage  titer 
growth  reaction.  It  Is  possible  to  detect  1  million  plague  rods  within 
i-3i  hours.  Water,  blood,  organ  extracts,  bubo  contents,  etc.,  can  be 
used  as  test  material.  Pieces  of  tissue  and  mechanical  admixtures  do 
not  Interfere  with  the  Indication  of  plague  bacteria.  Because  the  con¬ 
centration  of  microbe  bodies  In  different  test  objects  Is  unknown,  the 
test  material  must  be  taken  In  a  volume  of  3*5  liters  when  closed 
water  reservoirs,  washings  from  external  objects  or  soil  extracts  are 
to  be  tested.  The  phage  titer  growth  reaction  Is  carried  out  with  50  mi 
without  pretreatment  of  the  liquid,  50-100  mi  Is  Incubated  for  growing 
bacteria  In  It  and  In  the  remainder  of  the  test  liquid,  the  plague  bac¬ 
teria  In  It  and  In  the  remainder  of  the  test  liquid,  the  plague  bacte¬ 
ria  are  concentrated  by  adsorption  on  aluminum  hydroxide  or  starch.  To 
3-5  liters  of  fluid,  10#  alum  solution  Is  added  In  a  quantity  of  10-25 
mi  per  1  liter  of  fluid.  The  flakes  of  aluminum  hydroxide  appear  very 
quickly.  If  this  precipitate  Is  not  formed,  ^10#  sodium  carbonate  so¬ 
lution  Is  added  to  the  test  liquid  dropwlse.  following  the  settling  of 
the  coagulant,  the  supernatant  liquid  Is  drawn  off  by  means  of  a  syph¬ 
on  and  the  precipitate  which  contains  the  bacteria.  Is  transferred  to 
a  flask  containing  50  mi  broth.  If  the  phage  titer  growth  reaction  Is 
carried  out  on  the  residue,  the  control  samples  contain  aluminum  hy¬ 
droxide  obtained  by  precipitation  In  a  liquid  which  Is  known  to  be 
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free  of  plague  germs.  The  sensitivity  of  the  phage  titer  growth  reac¬ 
tion  Increases  considerably  If  preliminary  concentration  of  the  plague 
microbe  or  preliminary  growing  Is  carried  out  In  the  test  material.  In 
the  latter  case,  gentian  violet  (1  mi  of  0.l£  water-alcohol  solution 
per  100  mi  of  medium)  Is  added  to  the  entire  material  In  order  to  sup¬ 
press  the  secondary  microflora  which  prevents  the  growing  of  the 
plague  germ. 

Because  the  plague  bacillus  Is  present  In  large  numbers  in  the 
organs  of  animals  which  have  died  of  the  plague.  In  human  cadavers, 
the  sputum  of  patients  and  bubo  contents,  all  these  objects  can  be  ex¬ 
amined  without  preliminary  treatment  and  only  In  the  case  of  a  nega¬ 
tive  result  is  it  essential  to  carry  out  another  test  involving  grow¬ 
ing  from  the  remaining  portions  of  test  material  which  have  been 
stored  In  the  cold.  When  solid  objects  (organs,  tissues)  are  to  be  an¬ 
alyzed,  they  are  first  ground  up  In  a  mortar  with  glass  or  sand  and 
then  used  to  inoculate  broth,  using  50  mi  per  3-5  g  of  the  material. 

The  method  of  analysis  does  not  differ  in  principle  from  the 
soheme  of  phage  titer  growth  reaction,  described  for  other  infections. 
As  the  plague  phage  is  thermally  less  stable  than  other  Indicates 
phages,  the  test  and  control  samples,  following  their  dilution  before 
the  titration  according  to  the  method  of  Qracia,  are  kept  at  50°  for 
60  minutes  or  at  58°  for  10  minutes. 

Nutrient  Media 

Selective  medium  of  Q.  N.  Lenskaya.  To  100  mi  of  melted  agar  1  mi 
of  2.5J<  freshly  prepared  acqueous  solution  of  sodium  sulfite  and  1  mi 
of  saturated  alcoholic  gentian  violet  solution,  diluted  1:100  with  dis¬ 
tilled  water.  Is  added. 

Selective  medium  of  Ye.  I.  Korobkova.  To  broth  made  up  from  Het¬ 
tinger's  digest,  0.15 %  agar  Is  added.  To  sterile  semi 11 quid  agar,  0. 3£ 
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hemolyzed  blood  and  1:200,000  gentian  violet  la  added.  5  mi  of  the  me¬ 
dium  la  filled  Into  each  teat  tube. 

TULAREMIA 

N.  0.  Olsuf'yev,  Professor,  Member  of  the  AMN  USSR 

The  germ  of  tularemia,  Pranclsella  tularenala  (McCoy  et  Chapin), 
belongs  to  the  family  Brucellaceae  of  the  order  Eubacterlalea.  Differ¬ 
ences  of  opinion  existed  In  the  literature  for  a  long  time  concerning 
Its  position  In  the  system  of  microorganisms;  some  authors  (Berdzhi 
[?],  1934,  1957)  assign  It  to  the  genus  Pasteurella.  others  (Topley 
and  Wilson,  1929,  1955;  Stutzer,  1935)  to  the  genua  Brucella.  In  1947, 
K.  A.  Dorofeyev  published  a  proposal  to  assign  the  tularemia  germ  to  a 
special  genus  Rrancl sella,  based  on  the  considerable  differences  be¬ 
tween  this  microbe  from  Pasteurella  and  Brucella.  This  proposal  was 
subsequently  supported  by  Olsuf'yev  and  coauthors  (1959),  Philippe  and 
Own  (1961)  and  other  researchers. 

The  American  strains  of  the  tularemia  microbe  differ  from  the 
European*  Aslan  by  their  greater  pathogenicity  for  laboratory  animals 
and  humans  and  also  by  certain  biochemical  properties.  This  Indicates 
the  presence  of  two  geographical  subspecies  of  the  tularemia  microbe  — 
an  American  subspecies  (New  World  or  neoarctlc)  and  Europe an-Aalan 
(Old  World  or  paleoarctlc).  The  European- Aslan  subspecies  has  recently 
been  given  the  name  Pranclsella  tularensls  palaearctlca.  while  the 
American  subspecies  retained  Its  traditional  name  PT.  tularensls  tular¬ 
ensls. 

Morphology  of  P*r.  tularensls 

The  tularemia  bacteria  have  very  small  dimensions,  0. 3-0. 54,  and 
even  very  small  cells  with  a  diameter  of  0.1-0. 2^,  which  can  pass 
through  certain  bacterial  filters  (for  exasple,  the  Seitz  filter)  are 
sometimes  encountered.  When  grown  on  artificial  nutrient  media,  the 
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tularemia  microbes  usually  have  the  shape  of  a  very  small  coccus, 
while  they  are  most  often  found  In  animal  organs  In  the  form  of  cocco- 
bacterla  (Fig.  97)*  In  cultures  on  nutrient  media,  the  tularemia  bacte¬ 
ria  show  a  polymorphism,  which  Is  particularly  marked  In  the  American 
subspecies.  The  microbe  Is  Immobile,  does  not  form  spores  and  has  a 
small  capsule.  Typical  for  the  cultures  is  the  formation  of  slime  by 
the  bacteria,  which  Is  easily  detected  when  smears  on  glass  slides  are 
prepared. 

The  tularemia  bacteria  can  be  stained  with  all  the  dyes  normally 
used  In  laboratory  practice  but  less  vividly  than  many  other  bacteria. 
Tularemia  bacteria  are  stained  gram-negative.  On  contact  smears  from 
animal  organs,  tularemia  bacteria  are  not  stained  In  a  bipolar  manner 
which  distinguishes  them  considerably  from  the  microorganisms  of  the 
genus  Pasteurella. 


Fig.  97.  a)  Tularemia  bacteria  from  a  culture  on  coagulated  yolk  medi¬ 
um.  1000X;  b)  tularemia  bacteria  In  the  blood  of  a  water  rat,  found 
dead  In  Its  natural  habitat.  800x. 
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Biology  of  Ft.  tularenals;  culture  properties 

The  tularemia  microbe  Is  capricious  with  regard  to  growing  on  ar¬ 
tificial  nutrient  media.  It  will  not  grow  on  normal  meatpepto.ne  agar 
on  In  broth.  The  microbes  can  be  grown  on  yolk  media  and  also  on  agar 
media  to  which  cystine  and  other  nutrients,  particularly  blood,  have 
been  added.  The  temperature  optimum  is  36-37°.  It  is  strictly  aerobic. 
Isolated  colonies  can  be  readily  obtained  when  dishes  with  Yemel'yanova 
(see  p.  875)  or  Francis  (see  p.  876)  medium  are  Inoculated  with  it.  The 
colonies  on  these  media  are  of  a  whitish  color  with  bluish  tinge,  cir¬ 
cular,  with  a  smooth  fringe,  protuberant,  smooth,  shiny,  attaining 
(after  several  days  growth)  a  diameter  of  1-2  mm  and  over  (Fig.  93) 
when  Inoculation  Is  carried  out  with  dilute  material.  The  colonies  of 
virulent  tularemia  bacteria  have  the  same  morphology  and  biological 
properties  as  the  S-form.  In  liquid  nutrient  media,  the  tularemia  bac¬ 
teria  proliferate  considerably  less  well  than  on  solid  media,  growth 
being  observed  only  on  the  surface  of  the  medium,  which  is  evidently 
connected  with  the  aerobic  nature  of  these  bacteria.  Satisfactory  cul¬ 
ture  results  can  be  obtained  either  by  adding  colloids  to  the  liquid 
medium  (yolk  from  hen’s  eggs,  agar,  etc. )  or  by  aeration  of  the  medium. 

The  capacity  of  feimenting  carbohydrates  and  alcohols  Is  limited 
In  tularemia  microbes  and  can  be  reliably  determined  only  when  special 
solid  media  with  limited  protein  content  and  accurately  determined  j>H 
are  used.  Hiss1  media  are  not  suitable  for  this  purpose,  because  the 
tularemia  bacteria  do  not  proliferate  In  them.  Tularemia  bacteria  can 
ferment  to  an  acid  glucose,  maltose.  In  some  cases  also  levulose  and 
mannose,  while  the  American  strains  can  also  ferment  glycerol.  Lactose, 
saccharose,  rhamnose,  mannitol  and  a  number  of  other  substances  are 
not  fermented  by  tularemia  bacteria.  The  tularemia  bacteria  form  hydro¬ 


gen  sulfide  and  reduce  certain  dyes. 
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Stability  towards  physical  and  chemical  factors 


In  contrast  to  other  gram-negative  pathogenic  bacteria,  the  tula- 
reala  Microbe  survives  for  relatively  long  periods  (without  prolifera¬ 
tion)  In  water  and  also  in  other  objects  of  the  environment  under  con¬ 
ditions  of  low  temperature.  Thus,  at  4°,  tularemia  bacteria  can  sur¬ 
vive  In  water  or  soil  over  4  months  without  any  decrease  in  virulence. 
Wien  the  temperature  is  Increased,  for  example  to  20-25°,  the  Microbes 
die  In  water  within  10-15  days.  In  com  and  straw,  tularemia  bacteria 
survive  at  a  temperature  below  0°  for  up  to  6  months  and  at  20-30°,  up 
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to  20  days.  Tularemia  germs  have  been  often  detected  under  natural  con¬ 
ditions  In  the  water  of  streams  and  wells  and  also  In  straw  and  other 
objects,  which  Is  of  great  epidemiological  significance. 


The  pathogenic  organism  can  survive  for  more  than  3  months  in  fro¬ 
zen  cadavers  of  rodents  which  have  died  of  tularemia,  but  when  these 
thaw  out  and  the  ambient  temperature  rises,  these  survival  times  are 
correspondingly  shortened. 

Tularemia  bacteria  are  sensitive  to  high  temperatures  -  boiling 
lc!lls  the  microbes  Instantly  and  heating  to  60*  causes  their  death 
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within  20  minutes.  Under  the  action  of  direct  sunlight,  tularemia  bac¬ 
teria  die  within  20-30  minutes,  while  their  viability  In  disperse 
.Light  is  preserved  for  up  to  3  days. 

Tularemia  microbes  are  not  resistant  to  the  usual  disinfectants 
lysol,  phenol,  chlorine,  corrosive  sublimate,  etc.  Tularemia  bacteria 
are  particularly  sensitive  towards  ethyl  alcohol  and  die  within  a  min¬ 
ute  when  exposed  to  It. 

Antigen  structure 

A  differentiation  of  Fr.  tularensls  into  serotypes  is  unknown  to 
date  and  serological  differences  between  the  American  and  Euro-Aslan 
subspecies  of  this  microbe  have  not  been  found.  The  tularemia  bacteria 
contain  two  antigen  complexes:  a  cell  wall  (VI)  and  somatic  (0)  com¬ 
plex.  The  virulent  and  immunogenic  properties  of  the  cell  are  connect¬ 
ed  only  with  the  cell  wall  antigens;  when  they  are  lost,  the  tularemia 
bacteria  become  a  virulent  and  nonimmunogenic. 

During  ^-agglutination,  typical  for  virulent  cultures,  a  stable 
agglutinate  settles  out  on  the  bottom  of  the  test  tube,  which  Is  bro¬ 
ken  up  Into  coarse  flakes  by  shaking;  during  O-agglutination,  which 
occurs  only  in  avirulent  cultures,  an  unstable  agglutinate  is  precipi¬ 
tated  which  is  easily  broken  up  into  small  flakes  or  an  almost  homogen- 
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eous  suspension  by  shaking. 

The  tularemia  bacteria  show  an  antigenic  similarity  with  brucel- 
lae:  the  specific  tularemia  agglutinating  serum  with  high  titer  can  ag¬ 
glutinate  brucellae,  when  the  dilution  Is  not  too  great,  and  brucella 
serum  can  agglutinate  tularemia  bacteria.  Some  saprophytic  bacteria  al¬ 
so  have  the  capacity  to  be  partly  agglutinated  by  tularemia  serum.  Bac- 
terlophagy  can  be  observed  on  museum  strains  of  tularemia  bacteria  but 
tMs  phenomenon  can  be  observed  only  when  dishes  with  media  specially 
selected  for  this  purpose  are  Inoculated. 

Pathogenicity 

The  strains  of  tularemia  bacteria.  Isolated  in  natural  foci  from 
rodents,  ticks  and  other  objects  and  also  from  human  patients,  have 
very  similar  characteristics,  including  the  virulence.  Differences  are 
observed  only  between  strains  which  belong  to  different  geographical 
subspecies  of  the  germ  -  the  American  and  Euro-Aslan.  When  culturing 
is  carried  out  on  artificial  nutrient  media,  an  attenuation  of  the  tu¬ 
laremia  bacteria  takes  place  and  their  transformation  from  the  viru¬ 
lent  S-form  to  the  avirulent  and  nonimraunogenic  R-form.  The  vaccine 
strains  of  the  tularemia  microbe  are  an  Intermediate  form  of  variabil¬ 
ity  between  the  virulent  S-form  and  the  avirulent  R-form,  and  are 
termed  SR- variant.  They  have  a  residual  virulence  for  animals  suscepti¬ 
ble  to  tularemia,  for  example,  white  mice. 

The  pathogenic  properties  of  the  tularemia  microbe  are  connected 
mainly  with  toxic  substances  representing  endotoxins. 

The  tularemia  microbe  is  pathogenic  for  many  species  of  mammals 
and  particularly  rodents  but  the  degree  of  Its  pathogenicity  Is  not 
the  same  for  all  species.  Field  mice,  water  rats,  rabbits,  hamsters, 
gerblls,  domestic  mice,  shrews  and  some  other  rodents  and  Insectivor¬ 
ous  animals  have  the  greatest  susceptibility  and  Infection  sensitivity 
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to  tularemia  (group  I).  With  these  animals,  even  If  Infection  takes 
place  with  minimum  doses,  the  disease  assumes  the  form  of  acute  sep¬ 
ticemia,  they  discharge  the  germ  In  large  numbers  with  the  urine  and 
feces  and  die  with  extraordinary  Intense  bacterial  Insemination  of  the 
Internal  organs  and  the  blood. 

Much  less  sensitive  to  tularemia  are  gophers,  marmots,  gray  and 
black  rats,  hedgehogs  and  other  animals  (group  II).  When  these  are  In¬ 
fected  with  tularemia,  they  normally  survive  and  their  excretions  con¬ 
tain  only  small  quantities  of  bacteria. 

Among  carnivores,  such  as  foxes,  cats,  polecats,  etc.,  the  dis¬ 
ease  may  proceed  without  visible  clinical  synptoma  (group  III)  even 
when  Infected  with  massive  doses. 

For  ungulates  and  also  birds  and  coldblooded  animals,  the  tula- 
re ml a  microbe  is  only  slightly  pathogenic  In  most  cases. 

The  human  organism  Is  similar  to  that  of  the  animals  of  group  II 
with  regard  to  Its  susceptibility  and  Infection  sensitivity  to  tula¬ 
remia.  In  humans,  tularemia  1s  a  feverish  disease  with  relatively  be¬ 
nign  course  which  does  not  represent  an  Infection  hazard  for  other  peo¬ 
ple.  The  germ  can  enter  the  human  organism  by  various  pathways.  Includ¬ 
ing  the  Integument  of  the  skin,  the  mucosa  of  the  eyes,  the  oral  cav¬ 
ity,  the  gastrointestinal  tract  and  the  respiratory  pathways  which  Is 
also  the  reason  for  the  great  diversity  In  the  clinical  forms  of  this 
disease.  The  mortality  of  tularemia  In  the  USSR  Is  under  0. 5&  In  con¬ 
trast  to  the  US  and  Canada,  where  It  Is  5-6$  (without  treatment), 
which  Is  connected  with  the  greater  virulence  of  the  germ,  occurring 
on  the  territory  of  North  America. 

Laboratory  Diagnosis  of  Tularemia  In  Humans 

The  use  of  two  reactions  is  entirely  sufficient  for  the  diagnosis 
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of  tularemia  In  a  patient:  the  cutaneous  tularemia  test  and  the  agglu- 
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tlnatlon  reaction  (using  the  volume  method).  Other  Immunological  tests 
are  either  technically  more  complex  (for  example,  the  complement  fix 
lng  reaction)  or  as  yet  Insufficiently  standardized  (for  example,  the 
hemagglutination  test).  Only  specially  equipped  laboratories  can  carry 
'  out  Isolation  of  germ  cultures  from  the  patient  and  this  method  Is 
used  mainly  for  research  purposes. 

Serological  Investigation 

Agglutination  reaction.  The  most  widely  used  and  at  the  same  time 
quite  accurate  method  of  serological  tularemia  diagnosis  Is  the  agglu¬ 
tination  test.  It  Is  used  In  the  examination  of  tularemia  patients  or 
of  reconvalescents  (retrospective  diagnosis)  but  It  can  also  be  used 
for  the  study  of  the  Immunological  state  of  the  organism,  vaccinated 
against  tularemia. 

The  agglutination  test  Is  negative  or  only  slightly  positive  In 
patients  during  the  first  7-10  days  after  the  beginning  of  the  disease, 
the  titer  of  the  serum  Increases  towards  the  3ih1  week  and  in  the  4- 6th 
week  of  the  disease  attains  the  maximum  values  (1:400  -  1:800,  rarely 
..are,  1:1600  -  1:3200).  Having  attained  Its  maximum,  the  agglutination 
titer  begins  to  decrease  slowly  which  is  normally  observed  from  the 
8th  week  since  the  beginning  of  the  disease  onwards;  within  6-12 
months,  the  serum  titer  has  dropped  to  1:50  -  1:400,  then  to  1:10  -  1: 
40  and  may  remain  on  this  level  for  some  years. 

Relatively  late  detection  of  agglutinins  In  the  blood  (during  the 
2nd  week  of  the  disease)  makes  It  difficult  to  use  the  agglutination 
test  for  an  early  diagnosis  of  tularemia,  while  the  long  retention  of 
the  agglutinins  makes  it  possible  to  use  the  test  for  retrospective 
diagnosis.  The  specific  agglutinins  are  absent  in  the  blood  of  persons 
who  have  not  contracted  tularemia  and  have  not  been  vaccinated  against 
it. 
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Hie  blood  for  the  test  Is  taken  from  patient's  ulnar  vein  or  from 
the  toad  of  a  finger  with  observation  of  the  rules  of  asepsis.  The  ag¬ 
glutination  test  Is  carried  out  by  the  generally  used  volume  method. 
Tularemia  diagnosticum  (a  suspension  of  tularemia  bacteria  killed  with 
formalin)  Is  U3ed  as  antigen,  which  la  diluted  to  a  concentration  of 
1  billion  microbial  cells  per  1  mi. 

0.5  mi  serum,  diluted  with  physiological  solution  1:12.5;  1:25; 
1:50;  1:100;  1:200,  and  1:400  Is  placed  into  test  tubes.  0.5  mi  of  the 
diluted  diagnosticum  Is  added  to  each  test  tube.  In  this  manner,  an 
actual  dilution  of  the  serum  of  1:25;  1:50;  1:100;  1:200;  1:400,  and 
1:800  Is  obtained,  containing  500  millions  microbe  cells  In  1  mi  in  ev¬ 
ery  test  tube.  In  addition,  a  control  test  tube,  containing  0.5  mi  an¬ 
tigen  and  0.5  mi  of  physiological  solution  (antigen  control)  is  set  up. 
To  check  the  serum,  the  original  dilution  without  addition  of  antigen 
Is  used.  When  the  additions  have  been  carried  out,  the  stand  with  the 
test  tubes  is  shaken  and  placed  into  the  thexmostat  (37°)  for  2  hours, 
after  which  the  preliminary  recording  of  the  results  Is  carried  out. 

The  test  tubes  are  then  left  to  stand  at  room  temperature  overnight. 

The  reading  of  the  agglutination  test  results  Is  carried  out  with  the 
unaided  eye  18-24  hours  after  the  beginning  of  the  test.  The  evalua¬ 
tion  Is  carried  out  on  the  basis  of  the  degree  of  transparency  of  the 
fluid  in  the  test  tubes  and  the  quantity  of  microbes  (agglutinate)  set¬ 
tled  on  the  bottom: 

1)  marked  positive  reaction  -  complete  clarification  of  the  fluid 
with  microbe  bodies  settled  on  the  bottom  in  the  form  of  an  "umbrella", 
designated  by  four  plus  signs  (++++); 

2)  positive  reaction  -  considerable  clarification  of  the  fluid  as 
compared  with  the  control  tube  and  formation  of  a  clearly  visible  pre¬ 
cipitate  which  rises  from  the  bottom  In  flakes  upon  slight  shaking  of 


the  test  tube,  designated  by  three  plus  signs  (+-H-); 

3)  weakly  positive  test  -  agglutination  visible  with  the  unaided 
eye  with  slight  precipitate,  designated  by  two  plus  signs  (++); 

4)  doubtful  reaction  -  agglutination  visible  with  the  unaided  eye, 
but  without  precipitate,  designated  by  one  plus  sign  (+); 

5)  absence  of  an  agglutination  reaction  and  clarification  of  the 
fluid  relative  to  the  control  test  tube,  designated  by  a  minus  sign  (-). 

The  agglutination  titer  of  the  serum  Is  calculated  on  the  basis 
of  the  maximum  dilution  which  gives  a  clear  reaction  (no  less  than 
three  plus).  Xij  the  titer  of  the  serum  Is  determined  by  meana  of  the 
last  dilution,  jin  which  the  reaction  had  been  weakly  positive  (-H-),  or 
doubtful  (+),  this  must  be  Indicated  when  giving  the  titer. 

Typical  for  tularemia  is  a  stable  Vl-agglutlnatlon ;  the  aggluti¬ 
nate  formed  on  the  bottom  of  the  test  tube  (when  the  reaction  was  ++++ 
or  +++),  is  broken  up  into  coarse  flakes  by  shaking,-  while  the  fluid 
remains  clear  or  almost  clear. 

If  a  clear  agglutination  reaction  (++++  or  +++  with  formation  of 
a  stable  agglutinate)  does  not  take  place  In  any  of  the  dilutions,  the 
result  is  doubtful.  When  recording  the  results,  the  rare  possibility 
must  be  kept  in  mind  of  a  delay  In  the  agglutination  (proagglutination 
zone)  In  not  very  strongly  diluted  serum. 

In  the  serological  diagnosis  of  tularemia  on  humans,  a  titer  of 
not  less  than  1:100  may  be  considered  as  positive,  but  the  increase  in 
the  titer  must  be  observed  (see  further  on). 

It  is  essential  to  take  into  account  the  similarity  between  the 
tularemia  and  brucella  microbes  in  consequence  of  which  the  serum  cf  a 
tularemia  patient  can,  if  not  greatly  diluted,  agglutinate  brucella  a 
and  vice  versa.  However,  the  test  with  the  homologous  culture  Is  nor¬ 
mally  carried  out  at  much  higher  serum  dilutions  than  with  heterologous 
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serum,  which  Is  also  the  basis  of  differential  diagnosis. 

The  laboratory  which  carries  out  the  examination  of  the  patient's 
blood  by  the  serological  method,  should  submit  the  results  of  the  in¬ 
vestigation  to  the  Interested  Institute  In  writing  not  later  than  2 
days  after  the  material  has  been  received  by  the  laboratory. 

Rapid  methods  of  serological  diagnosis  of  tularemia.  Uie  blood 
drop  test  on  a  glass  slide  Is  used  for  this  purpose.  Normal  tularemia 
diagnosticum  can  be  used  as  antigen  but  a  drop  of  distilled  water 
(which  Is  necessary  for  the  lysis  of  the  erythrocytes )  must  be  added 
to  the  drop  of  blood.  In  positive  cases,  when  the  titer  of  the  pa¬ 
tient's  serum  Is  1:100  and  over,  the  agglutination  on  the  glass  slide 
begins  Immediately  after  mixing  of  the  blood  with  the  antigen.  How¬ 
ever,  If  the  titer  of  the  patient's  serum  is  lower  (1:50),  the  agglu¬ 
tination  on  the  glass  takes  place  with  some  delay,  during  the  first 
2-3  minutes,  and  Is  also  not  very  marked.  When  the  reaction  Is  strong¬ 
ly  positive,  coarse  flakes  are  formed,  with  weakly  positive  reaction, 
small  flakes.  The  blood  drop  test  can  also  be  carried  out  with  a  dried 
blood  drop.  The  result  Is  read  2-3  minutes  after  mixing  of  the  blood 
with  the  antigen  and  designated  by  one,  two  or  three  plus  signs  depend¬ 
ing  on  the  time  of  appearance  of  the  agglutination  and  the  degree  of 
Its  Intensity. 

The  micro  serum  reaction  can  also  be  used  for  rapid  tularemia  di¬ 
agnosis  on  humans.  For  the  purpose  of  this  test.  Instead  of  a  drop  of 
blood,  a  drop  of  blood  serum  from  the  patient  Is  applied  to  the  glass 
slide  and  the  same  quantity  of  antigen  added  (undiluted  tularemia  di¬ 
agnosticum  with  a  concentration  of  5  billions  microbe  cells  In  1  mi). 

In  positive  cases,  flakes  are  also  precipitated.  This  reaction  often 
becomes  positive  on  the  9-10th  day  of  the  disease,  but  sometimes  even 
earlier,  when  the  titer  of  the  serum  with  volume  agglutination  Is 
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1:10  -  1:20.  The  positive  microtest  on  the  glass  slide  may  serve  as  a 
tentative  diagnosis  while  final  conclusions  should  be  based  on  the  re¬ 
sults  of  the  agglutination  test  as  carried  out  by  the  volume  method. 
Allergic  reactions 

The  reaction  Is  highly  specific.  The  alle  glc  skin  reaction  In 
human  tularemia  patients  becomes  positive  usually  on  the  3- 5th  day  of 
the  disease,  more  rarely  later.  It  Is  obtained  In  all  clinical  forms 
of  tularemia  and,  as  a  rule,  occurs  earlier  than  the  agglutination  re¬ 
action.  Following  recovery,  the  allergic  reaction  Is  retained  by  the 
organism  for  many  years.  In  most  cases  for  life,  which  makes  It  possi¬ 
ble  to  employ  the  tularemia  test  for  the  purpose  of  retrospective  di¬ 
agnosis  of  a  past  disease.  One  has  to  take  into  account,  however,  the 
possibility  of  a  weakening  or  In  some  cases,  an  extinction  of  the  re¬ 
action  in  the  course  of  years,  particularly  Individuals  which  have  con¬ 
tracted  the  disease  in  childhood.  The  allergic  reaction  also  appears 
In  persons  vaccinated  with  live  tularemia  vaccine  but  It  develops  some¬ 
what  more  slowly  than  In  persons  which  have  had  the  disease  and  Is  ex¬ 
tinguished  in  some  persons  within  5-6  years.  In  persons  who  are  not  im¬ 
mune  to  tularemia,  the  allergic  reaction  to  tularemia  antigen  Is  com¬ 
pletely  absent. 

The  allergic  test  Is  carried  out  on  humans  intradermally  and  ep- 
lcutaneously,  using  the  respective  antigen. 

Intrade rmal  allergy  test.  The  corpuscular  preparation  tularin  is 
used  for  the  lntradermal  test  on  humans.  This  Is  a  suspension  of  tula¬ 
remia  bacteria  In  physiological  salt  solution  (with  3 %  glycerol  added), 
killed  by  keeping  them  at  70°  for  an  hour.  1  mi  of  the  preparation  con¬ 
tains  100  million  microbe  cells  (according  to  the  standard  of  the  State 
Control  Institute).  Tularin  Is  prepared  from  virulent  or  vaccine  cul- 
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tures.  The  preparation  la  stable  In  storage 


The  lntradermal  test  Is  carried  out  on  the  palmar  side  of  the 
forearm  (between  the  upper  and  middle  third),  which  has  first  been 
cleaned  with  alcohol.  0.1  m2  tularin  Is  Injected  strictly  lntradermal* 
ly  with  a  sterile  syringe  with  a  fine  needle.  A  whitish  blister  with  a 
diameter  of  3-4  mm  which  Is  subsequently  reabsorbed  within  half  an 
hour,  should  appear  at  the  Injection  site  Immediately.  If  the  tularin 
Is  Injected  subcutaneously,  the  blister  Is  not  formed  and  the  lntrader- 
nrl  test  must  be  repeated  In  this  case  on  the  other  arm. 

The  allergic  skin  reaction  In  the  form  of  hyperemia  and  Infiltrate 
normally  appears  within  24  hours,  but  sometimes  becomes  noticeable  aft¬ 
er  only  6-10  hours  after  Injection  of  the  tularin.  The  reaction  Is 
evaluated  24-48  hours  after  the  test  has  been  administered.  Zn  order 
to  evaluate  the  Intensity  of  the  reaction,  the  dimensions  of  the  red¬ 
dened  and  Infiltrated  skin  area  Is  measured  In  centimeters  In  two  mutu¬ 
ally  perpendicular  directions.  It  Is  considered  to  be  positive  when 
the  infiltrate  and  hyperemia  has  a  diameter  of  0.5  cm  and  over.  The  ab¬ 
sence  of  any  skin  alteration  or  the  presence  of  hyperemia  without  In¬ 
filtrate  which  disappears  within  one  day.  Is  evaluated  as  a  negative 
result.  In  doubtful  and  suspected  cases,  the  test  must  be  repeated  be¬ 
cause  a  negative  result  may  be  due  to  the  circumstance  that  the  examin¬ 
ation  was  carried  out  In  an  early  stage. 

In  some  cases  the  allergic  skin  reaction  assumes  the  form  of  the 
formation  of  a  pustule  or  shorllved  lymphangitis  with  some  painfulness, 
slight  swelling  of  the  local  lymph  ncdes  and  even  a  rise  of  the  body 
temperature  by  1-1.5°  lasting  for  1-2  days.  Cases  In  which  necrosis 
(with  subsequent  cicatrization)  at  the  site  where  the  tularin  had  been 
Injected,  are  also  known. 

Eplcutaneous  allergy  test.  Tularin,  1  mi  of  which  o on tains  2  bil- 
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lion  microbial  bodies  is  used  as  antigen  for  the  exodermal  test.  Tula¬ 
rin  for  exodermal  application  Is  prepared  from  a  vaccine  strain,  the 
method  of  preparation  being  analogous  to  that  for  intradermal  applica¬ 
tion.  General  reactions  to  the  eplcutaneous  test  are  considerably  more 
rare  than  to  the  intradermal,  and  local  side  reactions  (necrosis,  lym¬ 
phangitis)  are  never  observed. 

The  eplcutaneous  test  Is  carried  out  on  the  external  surface  of 
the  left  shoulder  (in  its  middle  third).  The  ampoule  containing  the  ex¬ 
odennal  tularin  is  shaken  until  a  uniform  turbidity  Is  visible.  A  drop 
of  the  preparation  Is  applied  with  an  eye  dropper  on  an  area  of  the 
skin  on  the  shoulder  which  has  been  carefully  cleaned  with  alcohol. 

TWo  parallel  Incisions  are  made  across  the  drop  of  tularin  thus  applied 
with  a  sterile  vaccination  quill,  each  with  a  length  of  8-10  mm,  keep¬ 
ing  a  distance  of  4-5  mm  between  Incisions  and  the  drop  of  tularin  rub¬ 
bed  In  for  a  short  time  with  the  flat  side  of  the  vaccination  quill. 

The  Incision  should  not  be  too  superficial,  a  few  drops  of  blood  should 
appear  after  they  are  made,  coloring  the  tularin  drop  a  light  red.  The 
reaction  13  evaluated  after  48  hours  by  visual  examination  and  measure¬ 
ment  across  the  Incision  the  limits  of  the  skin  erythema  In  centimeters. 
A  positive  reaction  Is  Indicated  by  edema  of  the  skin  around  the  inci¬ 
sion  and  by  erythema.  The  edema  and  erythema  sometimes  appear  only  24 
hours  after  the  application  of  the  tularin.  Within  48-72  hours,  the  re¬ 
action  Is  usually  marked  and  then  gradually  fades,  having  disappeared 
completely  towards  the  7- 12th  day.  In  rare  cases,  vesicles  appear  along 
the  incisions,  which  disappear  again  within  2-3  days.  The  reaction  Is 
considered  to  be  positive  If  the  reacting  skin  area  has  a  diameter  of 
0.5  on  or  over  or  when  a  clearly  apparent  reddening  and  slight  edema 
are  visible  along  the  incisions  (ridge). 

Rapid  allergy  test.  The  soluble  antigen  "tuallergen"  which  is 
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extracted  by  a  chemical  method  from  a  virulent  or  vaccine  culture  of 
the  tularemia  microbe  can  be  used  for  rapid  allergic  diagnosis  of  tula¬ 
remia.  0.1  mi  of  this  antigen  solution  Is  Injected  Intradermally  Into 
the  palmar  surface  of  the  forearm,  using  the  same  technique  as  for  the 
tularin  Injection.  The  response  reaction  In  the  form  of  hyperemia  ap¬ 
pears  within  15-30  minutes  after  Injection  of  the  preparation,  the 

• 

size  of  the  reacting  skin  region  attaining  1-2  cm  and  over.  The  reac¬ 
tion  Is  read  within  half  an  hour  of  administration  of  the  test. 

The  application  of  the  methods  of  laboratory  examination  and  their 
evaluation 

The  allergic  skin  test  can  be  used  as  a  method  of  early  tularemia 
diagnosis  because  It  Is  positive  In  most  tularemia  patients  from  the 
5- 6th  day  of  the  disease  onwards.  Cases  are  encountered,  however.  In 
which  the  allergy  reaction  can  have  anamnestic  Importance,  for  exam¬ 
ple  Individuals  who  have  recovered  from  tularemia  or  who  have  previous¬ 
ly  been  vaccinated.  Special  attention  must  be  directed  to  this  circum¬ 
stance  because  of  the  present  great  number  of  vaccinated  persons  In 
the  tularemia  foci.  Hence  the  tularemia  diagnosis  should  not  be  based 
only  on  the  results  of  a  single  allergy  test.  The  detection  of  aggluti¬ 
nins  for  tularemia  microbes  In  a  serum  dilution  of  1:50  -  1:100  early 
In  the  disease  In  the  absence  of  an  Increase  In  the  serum  titer  during 
subsequent  checks  also  does  not  provide  sufficient  grounds  for  diagnos¬ 
ing  a  fresh  case  of  tularemia.  The  presence  of  agglutinins  In  the  pa¬ 
tient's  blood  has  merely  anamnestic  significance.  The  two  diagnostic 
methods  —  the  allergic  and  the  serological  -  should  be  used  In  combin¬ 
ation  and  nonobservation  of  this  rule  may  lead  to  diagnostic  errors. 

In  order  to  discover  any  increase  In  the  agglutination  titer  of 
the  serum,  the  patient's  blood  must  be  examined  at  least  twice:  the 
first  time  Immediately  after  the  patient  has  asked  for  medical  assis¬ 
tance  or  upon  hospitalization,  and  the  second  time,  7-10  days  after 
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the  first  check.  When  inconclusive  results  are  obtained,  the  examina¬ 
tion  of  the  patient’s  blood  must  be  carried  out  a  third  time,  7-10 
days  after  the  second  check.  The  increase  in  the  agglutination  titer 
of  the  serum  confirms  the  diagnostic  Importance  of  the  skin  test  and 
resolves  the  problem  of  the  nature  of  the  disease  while  an  absence  of 
any  increase  in  the  serum  titer  indicates  the  anamnestic  nature  of  the 
reaction. 

The  use  of  the  allergic  and  serological  methods  for  examination 
of  the  patient  in  combination  with  the  clinico-epidemiological  data 
helps  to  establish  a  correct  diagnosis  of  tularemia;  when  the  results 
of  the  laboratory  tests  turn  out  negative,  the  presence  of  this  dis¬ 
ease  must  be  doubted.  It  is  necessary  only  to  keep  in  mind  the  possi¬ 
bility  of  a  belated  appearance  of  the  serological  reactions  in  severe 
cases  of  tularemia,  particularly  those  involving  pneumonia.  Rare  cases 
of  a  belated  appearance  of  the  allergy  reaction  as  compared  with  the 
agglutination  reaction  are  known.  Hence,  when  the  test  results  are  nega¬ 
tive  during  an  early  3tage  of  the  disease,  repeated  examination  is  nec¬ 
essary.  TOie  treatment,  including  the  use  of  antibiotics,  as  a  rule 
does  not  interfere  with  the  results  of  the  laboratory  examination  of 
the  patient  because  normally  the  development  of  the  immunological  reac¬ 
tions  has  gone  far  enough  before  moment  when  therapy  i*  begun. 

Only  a  plain  increase  in  the  agglutination  titer  of  the  blood  se¬ 
rum  and  also  the  presence  of  clinical  symptoms,  typical  for  tularemia, 
can  serve  as  a  basis  of  the  diagnosis  of  a  fresh  tularemia  case  in  per- 
sons  previously  vaccinated  against  tularemia  or  having  recovered  from 
this  disease.  Ihe  examination  of  the  patient  should  include  the  elucida¬ 
tion  of  the  circumstances  under  which  he  was  infected  with  tularemia.  A 
diagnosis  of  a  tularemia  relapse  must  be  based  on  a  careful  clinical, 
laboratory  and  epidemiological  examination  of  the  patient,  it  being 
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particularly  important  to  seclude  the  possibility  of  reinfection.  In 
view  of  the  inadequateknowledge  concerning  relapses  of  tularemia,  an 
exhaustive  diagnosis  must  be  based  as  far  as  possible  on  the  use  of 
other  laboratory  methods  of  investigation,  involving  the  isolation  of 
a  culture  of  the  germ  from  a  bubo  or  other  patholoj&cally  altered  tis¬ 
sues,  using  for  this  the  biological  method  (see  further  on). 

When  autopsy  material  is  being  examined,  the  isolation  of  a  cul¬ 
ture  of  the  germ  by  means  of  biological  tests  represents  a  confirmation 
the  diagnosis.  Pieces  of  the  enlarged  lyirph  nodes,  altered  parts  of 

i  I 

e  lungs  and  spleen  are  separately  ground  up  in  sterile  mortars,  phys¬ 
iological  salt  solution  is  added  and  0. 3-0*5  mi  of  this  suspension  in¬ 
jected  subcutaneously  into  white  mice  or  guinea  pigs.  The  dead  animals 
are  dissected  and  contact  smears  made  from  their  organs  for  microscopy 
and  inoculation  of  nutrient  media  and  the  observed  pathoanatomical  al¬ 
terations  are  also  described  in  detail.  Surviving  test  animals  are 
killed  (the  mice  on  the  15th  day  and  the  guinea  pigs  on  the  25th  day) 
and  cultures  on  nutrient  media  made  from  their  organs. 

Detection  of  tularemia  bacteria  by  means  of  the  biological  test 
I  This  method  is  the  most  sensitive  for  detecting  tularemia  bacteria 
in  any  test  material.  The  white  mice  and  guinea  pigs  used  as  biological 
test  animals  contract  tularemia  with  fatal  issue  even  when  a  suspension 
containing  only  a  few  tularemia  microbes  are  injected  into  them  subcut¬ 
aneously.  A  disadvantage  of  the  method  consists  in  the  fact  that  in 
some  cases  the  response  may  require  5-7  days  or  longer  to  appear.  Dead 
animals  found  in  nature  are  subjected  to  individual  examination.  A 
piece  of  spleen  with  a  size  of  3  x  3  nan  and  altered  (enlarged  or  hype- 
reroic)  lymph  nodes  (submaxillary,  cervical.  Inguinal,  etc.)  are  taken 
for  the  L'.lo  i.ogj  cal  test,  placed  into  a  sterile  mortar,  carefully  crush¬ 
ed  and  ground  with  a  pestle  (care  being  taken  to  prevent  excessive  dry- 
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ingJ ),  physiological  salt  solution  added  ana  nd7.ed  into  a  homogeneous 
suspension.  The  quantity  of  physiological  salt  solution  added  in  the 
mortar  varies  from  0.5  to  5  mi,  depending  on  the  quantity  and  size  of 
the  pieces  of  organs  (calculating  approximately  0.5  mi  of  physiologi¬ 
cal  salt  solution  per  0.1  g  of  organs).  0.5  mi  of  the  suspension  is  in¬ 
jected  into  white  mice,  and  1-2  mi  into  guinea  pigs.  Part  of  the  unused 
spleen  and  lymph  nodes  are  placed  into  a  sterile  test  tube  and  kept 
several  day3  in  the  cold,  as  long  as  the  results  of  the  culture  and  bi¬ 
ological  examination  are  not  yet  clear.  If  the  test  animal  dies  prema¬ 
turely  from  some  othez*  cause  and  the  culture  has  not  been  successful, 
the  organs  kept  in  the  refrigerator  can  be  used  for  another  biological 
test.  When  tne  organs  of  the  test  animal  have  begun  to  decompose,  the 
marrow  from  a  tubular  bone  is  taken  for  the  biological  test  and  when 
the  decomposition  is  very  advanced,  the  exodermal  method  of  infection 
of  the  test  animal  is  used.  In  the  last  case,  pieces  of  3pleen  (or 
some  other  less  decomposed  organ)  which  have  been  cut  into  small  pieces 
"ith  the  scissors,  are  applied  to  shorn  part  of  the  skin  in  the  area  of 
the  abdomen  (with  guinea  pigs,  the  haris  are  plucked  out)  and  rubbed  in 
care  Tally  (until  reddening  appears;  with  the  scalpel  blade.  A  suspen¬ 
sion  from  the  organ  can  be  rubbed  in.  It  must  be  remembered  that 

the  method  of  infection  by  inunction  is  much  less  sensitive  than  the 
subcutaneous  method  and  it  should  be  used  only  if  absolutely  indispens¬ 
able. 

When  the  biological  test  Is  carried  out,  strict  precautionary 
measures  must  be  adopted  to  pxovent  the  transfer  of  tularemia  bacteria 
from  one  analysis  to :  another.  Every  dead  animal  (found  In  its  natural 
habitat  or  having  died  In  the  laboratory)  must  be  dissected  with  sepa¬ 
rate  instruments,  the  phy3ioiogical  salt  solution  for  each  analysis 
must  be  prepared  previously  In  sterile  syringes  and  not  poured  into 
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the  mortar  from  a  flask  or  with  a  pipette  after  grinding  of  the  test 
material.  The  preparation  of  the  suspensions  for  Inoculation  and  Infec¬ 
tion  of  the  biological  test  animal  must  be  completed  before  the  autopsy 
of  the  next  animal  Is  begun.  The  board  for  the  autopsy  and  the  edges  of 
the  trough  must  be  carefully  burnt  off  with  an  alcohol  swab,  the  hands 
(gloves)  rubbed  with  alcohol  and  only  then  can  the  next  autopsy  be  un¬ 
dertaken. 

The  test  animals  are  kept  singly  In  high  glass  or  sheet  metal 
• ■  s,  covered  with  lids  of  wire  mesh.  Taldng  the  animals  out  of  the 
;  i.v3  and  also  the  bedding  must  be  carried  out  with  precautions  to  ex¬ 
clude  the  possibility  of  spreading  "dust"  Infection  via  the  air  and 
thus  Infecting  via  the  aspiration  pathway  other  test  animals  In  the 
vicinity. 

If  the  test  material  contains  massive  numbers  of  tularemia  bacte¬ 
ria,  white  mice  die  from  tularemia  within  3-4  days  of  the  subcutaneous 
injection  of  the  suspension  prepared  from  this  material,  guinea  pigs 
r-ii  the  4-6th  day;  when  the  Infection  of  the  Injected  material  was  less 
heavy,  the  disease  may  be  protracted  and  death  occur  only  after  7-9  or 
even  15-18  days  (extremely  rarely,  up  to  25  days  for  guinea  pigs).  The 
patho anatomical  alterations  of  organs  and  tissues,  typical  for  tula- 
roraia,  are  detected  on  the  dead  animals,  particularly  guinea  pigs, 
which,  with  a  certain  amount  of  practical  experience,  enables  a  tenta¬ 
tive  diagnosis  to  be  established  even  during  the  autopsy.  In  the  con¬ 
tact  smears  from  the  spleen,  liver,  local  lymph  node  and  the  blood  of 
the  white  mice  which  have  died  from  tularemia,  an  enormous  number  of 
tularemia  bacteria  can  be  observed,  while  the  bacterioscopy  of  smears 
from  the  tissues  of  the  same  organs  from  guinea  pigs  is  frequently 
negative  or  doubtful.  The  cultures  of  tularemia  bacteria  from  the  dead 
biological  test  animals  are  isolated  by  inoculation  of  coagulated  yolk 
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medium.  When  cultures  are  made  from  the  organs  of  white  mice  which 
have  died  from  tularemia,  the  growth  on  the  medium  appears  within  18- 
24  hours  of  Incubation  In  the  thermostat  and  when  the  cultures  are 
made  from  the  organs  of  guinea  pigs,  within  2-3  days  of  later  which 
Is  due  to  the  dlf-'erence  In  the  degree  of  contamination  of  the  organs 
of  these  animals  with  tularemia  bacteria  prior  to  their  death.  The  ani¬ 
mals  can  be  killed  as  soon  as  they  are  In  agony  which  makes  It  easier 
to  obtain  a  pure  culture  of  tularemia  bacteria,  lfce  bacterloscopy  of 
smears  from  the  organs  of  the  white  mice,  killed  during  the  last  days 
of  the  disease.  Is  positive  but  with  a  lesser  degree  of  bacterial  con¬ 
tamination  than  with  those  that  have  died. 

The  surviving  white  mice  are  killed  on  the  15th  day  and  the  guinea 
pigs  on  the  25th  day  after  the  beginning  of  the  test  and  control  cul¬ 
tures  are  made  of  these  organs  on  coagulated  yolk  medium. 

Methods  for  rapid  diagnosis  by  means  of  biological  test.  In  spe¬ 
cial  cases.  In  order  to  obtain  the  culture  of  tularemia  bacteria  more 
quickly,  it  is  recommended  to  use  several  white  mice  for  the  analysis 
and  to  kill  them  during  the  first  days  after  Infection,  leaving  one 
mouse  as  a  control.  Careful  inoculation  of  coagulated  yolk  medium  Is 
carried  out  with  material  from  the  dead  mice  or  even  better,  on  Yemel* 
yanova  medium,  using  material  from  a  lymph  node  (inguinal)  nearest  to 
the  injection  site  and  from  the  spleen.  The  triturated  tissues  sus¬ 
pended  in  a  small  volume  of  physiological  salt  solution,  are  applied 
to  Yemel' yanova  medium  (in  dishes  or  test  tubes).  When  guinea  pigs  are 
used  for  the  biological  test  it  is  recommended  to  take  a  specimen  ob¬ 
tained  by  puncture  of  the  tissue  rom  the  injection  site  and  the  near¬ 
est  lymph  node  1-2  days  after  the  subcutaneous  Infection  and  to  inoc¬ 
ulate  nutrient  media  with  this  specimen. 
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Detection  of  tularemia  gems  In  animals  and  the  phy 
Wild  vertebrates ,  particularly  rodents,  caught  alive  or  found  dead,  re¬ 
mains  of  their  cadavers  In  nests  and  the  nest  Itself,  bloodsucking  ar¬ 
thropods,  straw,  com,  victuals  and  also  water  from  natural  reservoirs 
or  from  wells  can  be  subjected  to  examination.  The  tularemia  germ  be¬ 
longs  among  the  group  of  gems  which  cause  particularly  dangerous  in¬ 
fections,  hence  Its  Isolation  and  Identification  can  be  carried  out  on¬ 
ly  In  specially  equipped  laboratories  of  the  wards  for  particularly 
dangerous  Infections  of  quarantine  stations,  antiplague  Institutes  and 
soxentlfic  research  Institutes  or  In  suitably  equipped  field  laborato¬ 
ries  and  only  by  personnel  suitably  trained  and  vaccinated  against  tu¬ 
laremia.  The  material  (rodents,  bloodsucking  arthropods,  etc. )  oust  be 
delivered  to  the  laboratory  for  bacteriological  examination  with  the 
observation  of  all  the  rules  of  precautions,  prescribed  for  work  with 
specially  dangerous  Infections.  When  collecting  rodents  and  other 
small  mammals,  facilities  must  be  provided  for  carrying  out  autopsies 
on  them  on  the  site  and  the  subsequent  delivery  to  the  laboratory  only 
of  the  extracted  organs  (spleen,  enlarged  lymph  nodes,  etc. ),  lnmersed 
in  a  preservative,  for  example.  In  sterile  vase line -paraffin  mixture 
(10  parts  vaseline  oil  and  one  part  paraffin).  Only  fresh,  not  yet  pu- 
trlfled  organs  can  be  kept  In  this  mixture,  preferably  In  the  cold; 
the  higher  the  storage  temperature,  the  more  quickly  die  the  tularemia 
bacteria  in  the  organs. 

Examination  of  cadavers  of  feral  vertebrates  which  have  died  in 
their  natural  habitat.  The  collection  and  examination  of  rodents,  par¬ 
ticularly  those  belonging  to  group  I  (conxnon  field  mice,  domestic  mice, 
water  rats,  rabbits,  etc.)  are  the  most  effective  methods  of  Investigat¬ 
ing  eplzootles  of  tularemia. 

Bacterloscopy,  cultures,  precipitation  reactions  and  biological 
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tests  can  be  used  for  detecting  tularemia  among  the  collected  dead  ani¬ 
mals.  In  order  to  establish  a  tentative  diagnosis,  all  four  enumerated 
methods  are  used  simultaneously.  When  a  tularemia  epizooty  has  been  es¬ 
tablished,  the  investigation  can  be  limited  during  the  further  examina¬ 
tion  of  the  rodent  cadavers  of  group  I  to  cultures  and  microscopic  ex¬ 
amination  of  smearo,  while  keeping  part  of  the  organs  in  cold  storage 
until  the  results  of  the  investigation  are  apparent.  In  doubtful  cases 
(absence  of  typical  pathological  alterations,  advanced  decomposition 
of  the  cadavers),  the  method  of  biological  test  mu3t  be  used.  The  ca¬ 
davers  of  animals  of  group  II  and  III  must  always  be  examined  by  means 
of  the  biological  test.  Thoroughly  individual  examination  of  the  ani¬ 
mal  cadavers  makes  it  possible  to  establish  an  accurate  idea  concern¬ 
ing  the  causes  of  death  and  the  degree  of  dissemination  of  the  infec¬ 
tion. 

Bacterloscopy.  Contact  smears  are  made  on  an  object  glass  from 
the  spleen,  enlarged  lymph  nodes,  liver  and  blood,  well  dried  and  fix¬ 
ed  in  Nikiforov  mixture  (ethanol-ether,  ana)  or  in  methanol  and  stain¬ 
ed  by  the  Romanovskiy-Giemsa  method.  In  a  correctly  stained  smear,  the 
tularemia  microbes  have  an  Intense  lilac  color.  In  contact  smears  from 
spleen,  liver  or  lymph  nodes  and  in  the  blood  smears  from  animals  of 
group  I  which  have  died  from  tularemia,  provided  that  the  organs  are 
fairly  fresh,  the  tularemia  bacteria  are  normally  detected  in  the  form 
of  a  large  number  of  large  and  small  microbe  clusters  in  each  field  of 
vision.  The  most  accurate  results  are  normally  obtained  by  bacterio- 
scopy  of  the  spleen.  Owing  to  the  lysis  cf  the  bacteria,  their  observa¬ 
tion  in  putrefied  cadavers  becomes  more  difficult.  The  bacterloscopy 
of  smears  from  organs  of  animals  of  group  II  which  rave  died  from  tu¬ 
laremia,  often  gives  a  doubtful  cr  negative  result. 

By  means  of  bacterloscopy  (in  combination  with  precipitation 
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ests)  It  is  possible  to  obtain  a  rapid  (within  2-3  hours)  positive 
.newer  during  the  examination  of  rodent  cadavers  brought  to  the  labora- 
ory,  but  this  Is  merely  tentative  because  the  positive  results  of  the 
acterloscoplcal  examination  (and  the  precipitation  tests)  should  be 
onflrmed  by  Isolation  of  a  culture. 

The  contact  smears  made  on  glass  lldes  from  animal  organs  can  be 
•xamlned  by  means  of  fluorescence  microscopy  In  presence  of  the  respec¬ 
tive  specific  sera.  The  detection  of  bacteria  with  specific  fluores¬ 
cence  In  the  smears  provides  a  basis  for  a  tentative  diagnosis  of  tula¬ 
remia.  A  final  answer  can  be  given  on  the  basis  of  the  isolation  of  a 
culture  of  the  pathogenic  agent. 

Inoculation.  The  most  practical  and  at  the  same  time  fairly  serial  - 
;ive  medium  for  the  growing  of  tularemia  bacteria  under  normal  labora¬ 
tory  conditions  Is  the  coagulated  yolk  medium,  proposed  by  Mac Coy  (see 
».  875). 

Cultures  are  prepared  primarily  from  the  spleen,  liver  and  en¬ 
larged  lymph  node. 

It  Is  most  convenient  to  carry  out  the  Inoculation  by  the  method 
if  contact  smears,  for  which  purpose  pieces  of  organ  are  pressed  con¬ 
secutively  with  the  section  surface  against  the  medium,  beginning  with 
:he  lower  part  of  the  test  tube.  The  contact  method  has  the  advantage, 
r-hat  even  If  the  culture  Is  contaminated  by  extraneous  microflora,  the 
typical  growth  of  the  tularemia  microbe  Is  nevertheless  often  visible 
Ln  addition  to  the  colonies  of  the  extraneous  microflora.  The  inocula¬ 
tion  can  also  be  carried  out  by  carefully  rubbing  a  piece  of  organ 
over  the  entire  surface  of  the  medium.  In  this  case,  the  Inoculation 
is  also  begun  in  the  lower  part  of  the  test  tube.  The  cultures  are 
grown  at  37° •  With  copious  Inoculation,  the  growth  of  tularemia  bacte¬ 
ria  on  coagulated  yolk  medium  appears  within  only  18-24  hours  of  lncu- 
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bation  in  the  thermostat  and  within  2-3  days  attains  a  maximum.  The 
grown  culture  has  the  appearance  of  a  tenuous,  shiny,  meandering  (shag¬ 
reen)  surface  deposit,  which  has  the  same  color  as  the  medium  and  is 
visible  to  the  unaided  eye  only  upon  careful  examination.  With  sparse 
inoculation,  discrete,  small,  shiny,  round  colonies  become  visible  on 
the  3- 5th  day  of  growing  and  even  later.  Hence,  the  cultures  must  be 
kept  in  the  thermostat  up  to  10  days. 

When  completely  fresh  cadavers  of  rodents  are  delivered  to  the 
laboratory  (for  example,  in  winter  time),  a  culture  of  the  tularemii. 
bacteria  can  be  obtained  by  inoculation  of  coagulated  yolk  medium  with- 

V 

in  24  hours.  The  isolation  of  the  culture  forms  the  basis  for  the  fi¬ 
nal  diagnosis. 

Precipitation  test.  This  test  is  usually  positive  when  rodents  of 
group  I  are  examined  which  have  died  with  intense  dissemination  of  the 
organs  with  tularemia  bacteria.  When  the  number  of  bacteria  in  the  or¬ 
gans  is  small,  the  precipitation  test  is  negative.  A  nonspecific  reac¬ 
tion  may  occur  in  3ome  cases. 

The  precipitation  test  is  carried  out  with  agglutinating  serum 
with  a  high  titer  (1:6000  —  1:8000).  When  dead  rodents  are  to  be  ex- 

I 

amined,  pieces  of  the  spleen  and  liver  are  usually  taken  (with  a 
weight  of  up  to  1  g),  ground  up  in  a  mortar,  3  mi  of  physiological 
salt  solution  added,  mixed  until  a  fairly  uniform  suspension  is  obtain¬ 
ed  and  filled  into  a  sterile  test  tube.  The  suspension  thus  obtained 
is  boiled  for  15-20  minutes  on  the  water  bath  and  filtered  through  as¬ 
bestos  wool  until  a  completely  clear  extract  is  obtained.  0. 2-0.3  mi 
of  agglutinating  serum  with  a  high  titer  is  filled  into  a  small  (agglu¬ 
tination)  test  tube  and  the  same  quantity  of  extract  allowed  to  flow 
in  carefully  along  the  walls  of  the  test  tube  by  means  of  a  Pasteur 
pepetto.  When  the  reaction  is  positive,  a  ring  of  turbidity  of  white 
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color  which  Is  clearly  discernible  with  the  unaided  eye,  appears  at 
the  Interface  of  the  two  liquids  within  3-5  minutes.  In  order  to  check 
the  test  result,  the  following  control  tests  are  carried  out:  1)  test 
extract  plus  normal  serum;  2)  physiological  salt  solution  plus  normal 
serum;  3)  physiological  salt  solution  plus  agglutinating  serum;  4)  tu¬ 
laremia  antigen  (extract  from  tularemia  diagnosticum)  and  agglutinat¬ 
ing  serum.  A  positive  precipitation  test  In  combination  with  positive 
microscopic  examination  serves  as  a  tentative  orientation  for  the  diag¬ 
nosis,  but  It  must  be  confirmed  by  the  Isolation  of  a  culture  of  tula* 
remla  bacteria. 

Examination  of  feral  vertebrates  caught  alive  In  their  natural 
surroundings.  The  biological  examination  Is  the  basis  of  diagnosis  on 
live  rodents  and  other  animals.  Hils  method  makes  It  possible  to  de¬ 
tect  the  tularemia  germ  In  the  organs  of  the  animals  In  different 
stages  of  the  disease  or  In  healthy  carriers,  when  the  use  of  the  con¬ 
ventional  methods  of  culture  and  microscopic  examination  of  the  bacter¬ 
ia  does  not  give  any  result.  Killed  animals.  In  which  striking  patho- 
anatomlcal  changes  are  'not  detected  during  the  autopsy,  are  examined 
by  the  group  method,  l.e.,  the  organs  of  several  animals  are  combined 
In  a  single  analysis  (3*10  of  the  same  species  and  found  in  the  same 
locality).  The  lymph  nodes  (cervical,  submaxi 11 ary  and  Inguinal)  and 
pieces  of  spleen  are  taken  for  the  examination.  Cultures  and  smears 
from  the  organs  are  not  prepared  In  this  group  analysis. 

The  culture  and  microscopic  methods  can  be  used  In  combination 
with  the  biological  test  In  the  Investigation  of  Idlled  animals,  whose 
organs  are  pathologic ally  altered.  Individual  biological  tests  are  car¬ 
ried  out  with  parts  of  these  anlmalB.  Greatest  attention  Is  given  in 
the  epizootic  Investigation  to  the  examination  of  species  of  animals 
of  group  I:  field  mice,  domestic  mice,  water  rats,  etc.  The  probability 
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of  the  development  of  eplzooty  among  the  animals  of  group  II  (gophers, 
field  mice,  etc. )  Is  not  very  great  and  the  frequency  of  Isolation  of 
tularemia  cultures  from  them  Is  somewhat  less  than  that  of  the  Isola¬ 
tion  of  the  germ  from  animals  of  group  I.  The  wild  animals  of  group  II, 
caugit  alive,  for  example,  gophers,  can  be  examined  by  using  the  ag¬ 
glutination  test  (using  the  volume  method)  and  the  allergy  test.  Tu¬ 
larin  with  a  concentration  of  1  billion  microbial  cells  in  1  mi  is 
used  for  the  last  mentioned  test;  0.1  mi  is  injected  intradermally  and 
the  result  tentatively  evaluated  24  hours  later  and  again,  finally,  48 
hours  later. 

Examination  of  domestic  animals.  The  domestic  animals  belong  to 
species  which  sire  not  very  sensitive  to  tularemia;  the  agglutination 
test  and  the  intradermal  test  with  tularin  (a  preparation  with  a  con¬ 
centration  of  1  billion  microbial  bodies  in  1  mi  is  used)  can  be  used 
for  their  examination.  With  pigs,  the  tularin  13  injected  in  a  quan¬ 
tity  of  0.2  mi  into  the  skin  at  the  base  of  the  ear,  with  sheep  into 
the  skin  in  the  area  of  the  fold  under  the  tail  or  the  skin  in  the  ax¬ 
illary  region,  etc.  The  reaction  is  evaluated  first  after  24  hours  and 
again,  finally,  after  48  hours  by  examining  the  part  of  the  skin  into 
which  the  tularin  had  been  injected.  When  the  blood  serum  of  domestic 
animals  is  examined  for  tularemia,  a  parallel  agglutination  test  with 
brucellosis  diagnosticum  must  be  carried  out.  When  the  two  test  re¬ 
sults  are  identical  (with  respect  to  the  titer),  irapovering  of  serum 
according  to  the  method  of  Castellanl  must  be  carried  out.  When  dead 
animals  or  killed  sick  animals  are  to  be  examined,  cultures  from  the 
organs  and  biological  tests  are  used.  The  pathological  changes  in  the 
lymph  nodes  and  also  the  spleen  are  primarily  investigated. 

Examination  of  invertebrates.  The  detection  of  tularemia  bacteria 
in  the  organism  of  invertebrates  can  be  achieved  quite  reliably  by  the 
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biological  method  of  Investigation.  A  few  caaes  have  been  reported  In 
which  Isolation  of  cultures  of  tularemia  bacteria  by  direct  culture  of 
a  suspension  of  ground-up  starving  ticks  on  coagulated  yolk  medium  had 
been  successful  but  this  method  Is  not  suitable  for  the  examination  of 
large  numbers  because  of  the  considerable  contamination  of  the  ticks 
with  various  microbes  which  Invade  the  culture. 

Sexually  mature  blacklegged  ticks  are  examined  In  groups  of  50  by 
Injecting  a  suspension  Into  white  mice  or  In  groups  of  100  and  Injec¬ 
tion  of  the  suspension  Into  guinea  pigs.  The  tick  nymphs  are  combined 
Into  groups  of  50-100  specimens  depending  on  their  degree  of  nutrition. 
Fleas,  lice  and  gamasld  ticks  can  be  examined  In  groups  of  100-200  In  a 
single  analysis,  mosquitos  In  groups  of  100,  horseflies  25-50  specimens, 
etc.  (with  horseflies,  the  legs  and  wings  must  be  clipped  off  first). 

Hie  body  surface  of  the  sexually  mature  blacklegged  ticks  Is  first  dis¬ 
infected  by  washing  twice  with  alcohol  and  then  3-4  times  with  sterile 
distilled  water.  Tick  nymphs  and  also  those  of  other  forms  of  carriers 
are  examined  without  preliminary  treatment.  Water  animals  are  first 
carefully  washed  with  several  portions  of  pure  water  and  sterile  phys¬ 
iological  salt  solution 

All  species  of  Invertebrates,  with  the  exception  of  sexually  ma¬ 
ture  blacklegged  ticks,  should  be  examined  on  the  day  on  which  they 
have  been  delivered  and  at  most  not  later  than  a  day  after  they  have 
been  removed  from  their  natural  habitat.  When  the  suspension  is  pre¬ 
pared  from  the  Invertebrates,  It  must  be  remembered  that  a  suspension 
of  too  high  concentration  can  be  toxic  to  the  biological  test  animals 
causing  their  premature  death,  while  an  extreme  dilution  of  the  sus¬ 
pension  and  use  of  only  part  of  It  for  the  inoculation  of  the  test  ani¬ 
mals  may  give  a  negative  result  If  the  analyis.  It  Is  not  recommended 
to  carry  out  an  examination  of  dead  invertebrates  which  have  died  while 
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they  were  kept  at  the  laboratory,  In  view  of  the  fact  that  any  tula¬ 
remia  bacteria  contained  in  them,  die  off. 

Examination  of  ambient  objects.  Water,  grain  or  other  food  prod¬ 
ucts,  straw,  chaff,  contaminated  by  rodents,  the  excrements  of  the  lat¬ 
ter,  including  accumulations  of  frozen  urine  (in  winter)  can  be  used 
for  the  bacteriological  investigation.  The  examination  of  samples  from 
ambient  objects  is  most  successful  during  the  cold  season  when  the  tu¬ 
laremia  germ  remains  in  a  viable  state  for  long  periods.  Samples  of 
.later  can  be  examined  with  success  in  summer  and  winter. 

The  tularemia  bacteria,  present  in  ambient  objects,  can  be  de¬ 
tected  only  by  the  biological  method.  When  water  is  to  be  tested,  0.5- 
1  ml  of  it  is  injected  into  a  white  mouse  or  5-10  m*  into  a  guinea 
pig.  With  grain,  straw  and  othersubstrates,  washes  are  prepared  with 
physiological  salt  solution.  40  mi  of  physiological  salt  solution  is 
used  for  preparing  a  wash  from  a  grain  sample  with  a  weight  of  100  g, 
and  50  mi  for  25  g  straw.  The  washes  from  rodent  nests  are  made  with  a 
larger  quantity  of  solution  because  they  are  more  hygroscopic.  In  or¬ 
der  to  remove  mechanical  impurities  from  the  washes,  they  are  allowed 
to  stand  for  5-10  minutes  and  sucked  up  with  a  syringe  through  a  cot- 
ton-wool  swab.  0.5  mi  of  the  wash  is  injected  into  white  mice. 

The  examination  of  samples  from  ambient  objects  (particularly  ro¬ 
dent  nests)  during  hibernal  epizooties  in  straw  stacks  is  just  as  ef¬ 
fective  as  the  examination  of  rodent  cadavers  and  is  more  effective 
than  investigations  on  live  animals  caught  among  the  same  objects.  In 
infection  foci  situated  in  the  *00 thills  near  streams,  the  examination 
of  the  water  of  these  streams  is  as  effective  as  examination  of  the 
rodents . 
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Identification  of  the  microbes,  isolated  during  the  bacteriological 
'rhvestfga't'lon -  - -  - 

The  identification  of  the  freshly  isolated  tularemia  culture  is 
carried  out  on  the  basis  of  the  coincidence  of  the  following  character¬ 
istics;  1)  the  morphology  and  color  of  the  bacteria  In  the  smears; 

2)  the  nature  of  growth  on  the  coagulated  yolk  medium;  3)  the  absence 
of  growth  on  meat-peptone  agar  and  broth;  4)  the  agglutination  by  spe¬ 
cific  serum;  5)  the  capacity  to  cause  the  death  of  white  mice  and 
guinea  pigs  when  they  are  infected  with  a  culture,  exhibiting  the  al¬ 
terations  in  the  organs,  typical  for  tularemia  and  the  subsequent  iso¬ 
lation  of  a  pure  culture. 

Following  this  up  with  a  verification  of  the  virulence  of  the 
freshly  isolated  culture  (or  cultures)  is  carred  out  only  when  condi¬ 
tions  warrant  it  and  is  carried  out  on  at  least  two  or  three  species 
of  animals  -  white  mice,  guinea  pigs  and  white  rats.  Additional  test¬ 
ing  of  the  virulence  on  domestic  rabbits  makes  it  possible  to  distin¬ 
guish  the  Euro-Aslan  from  the  American  strains.  The  former  are  not 
highly  virulent  for  rabbits  (The  DCUM  is  1  billion  microbe  cells  and 
more),  while  the  American  strains  are  as  virulent  for  rabbits  as  for 
white  mice  and  guinea  pigs  (the  DCLM  is  1  microbe  cell  according  to 
the  standard  of  the  State  Control  Institute). 

Nutrient  Media 

Mac  Coy's  medium.  Yolks  from  fresh  hen's  eggs  are  mixed  in  a  ster¬ 
ile  manner  with  physiological  salt  solution  in  a  ratio  of  3:3*  the  mix¬ 
ture  poured  into  sterile  test  tubes  in  a  quantity  of  4-5  mi  for  each 
and  coagulated  in  a  canted  position  at  80®  for  one  hour.  The  medium 
thus  prepared  is  left  in  the  thermostat  at  37°  for  24  hours  to  check 
its  sterility  and  then  kept  in  the  cold  to  prevent  drying  out. 

Yeroel'yanova  medium.  Distilled  water  100  mi.  A  hydrolysate  of  fish 
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flour  or  fresh  fish  20  mi;  Gelatine  hydrolysate  10  mi.  Yeast  autolysate 
2.5  mi.  Sodium  chloride  0. 5  S«  Glucose  1  g.  Cystine  0.1  g.  Agar  1.5- 
2.5  g,  depending  on  quality,  pH  =  7,2-7. 4. 

The  medium  is  melted  for  sterilization,  cooled  to  45*,  10  mi  of 
deflbrlnated  rabbit  blood  added,  poured  Into  test  tubes  and  canted  or 
poured  into  Petri  dishes. 

Prancis  medium.  Meat-peptone  1.5-2. 5%  agar  containing  1; %  peptone 
and  0.5£  sodium  chloride  100  mi.  Cystine  0.1  g. 

Glucose  1  g.  pH  =  7« 2-7* 4. 

The  medium  is  melted  for  sterilization,  cooled  to  45-50°,  5-10  mi 
deflbrlnated  rabbit  blood  added  and  poured  into  teat  tubes  which  are 
canted  or  into  Petri  dishes. 

Antslferov  medium.  100  mi  of  sterile  Ukhalov-Mlkhaleva  medium  is 
melted,  cooled  to  45°  and  5  mi  of  hen's  egg  yolk  added  (diluted  with 
physiological  salt  solution  in  a  ratio  of  3:2),  poured  into  test  tubes, 
which  are  canted. 

Ukhalov-Mlkhaleva  medium:  100  mi  of  crude  infusion  of  basic  Hot- 
tinger  solution,  250  mi  of  abomasum  peptone,  4  g  sodium  chloride.  The 
mixture  Is  boiled  for  3  minutes,  after  which  the  pH  is  measured,  and 
again  boiled  for  3  minutes.  The  medium  is  passed  through  a  paper  filter, 
20  g  agar  added  which  has  first  been  steeped  in  water.  Boiling  must  be 
avoided  when  melting  the  agar  because  this  alters  the  properties  of 
the  medium. 

The  medium  is  sterilized  at  120°  for  20  minutes. 

Preparation  of  the  abomasum  peptone:  the  abomasum  from  a  freshly 
slaughtered  cow  is  separated  from  the  fat,  carefully  washed  and  passed 
through  a  meat  grinder.  To  400  g  of  the  ground  material,  1  liter  of  1$> 
hydrochloric  acid  is  added.  The  further  preparation  is  carried  out  by 
the  same  method  as  that  used  for  the  preparation  of  Martin  peptone. 

-  876  - 


MALARIA 


Sh.  D.  Moshkovskiy,  Professor,  Member  of  AMN  USSR,  and 
N. A.  Demina,  Candidate  of  Medical  Sciences 

Development  cycle  of  the  malaria  parasite.  The  malaria  parasite 
is  a  unicellular  animal  (protozoa)  Protozoa  of  the  class  Sporozoa,  fam- 
ily  Plasmodldae.  genus  Plasmodium. 

4  species  of  malaria  parasites  a re  known  to  Infect  humans:  Plas¬ 
modium  vlvax  -  causing  tertian  malaria,  Plasmodium  palarlae,  causing 
quartan  malaria,  Plasmodium  falciparum  (synonym  Lave  rani  a  falclpara) 
which  causes  tropical  malaria,  and  Plasmodium  ovale  which  causes  a  spe¬ 
cial  fora  of  tertian  malaria.  The  lastmentloned  species  Is  found  under 
natural  conditions  In  Africa,  Palestine,  South  America  and  the  Phili- 
plnes.  In  the  USSR,  the  occurrence  of  P.  ovale  has  not  been  establish¬ 
ed. 

Under  natural  conditions,  humans  may  be  Infected  via  mosquitos 
with  Plasmodium  cynomolgl  bastianelll .  which  causes  malaria  in  simians. 

The  development  of  the  malaria  parasites  Involves  a  change  of 
host.  In  the  carrier,  the  fertilization  takes  place  with  subsequent 
cell  division,  as  a  result  of  which  the  sporozoites  are  formed  (see 
further  on)  -  the  sporogony.  In  humans,  asexual  reproduction,  the  schi¬ 
zogony,  takes  place. 

Schizogony  takes  place: 

a)  In  tissue  cells  -  tissue  schizogony;  b)  in  the  erythrocytes  — 
erythrocytal  schizogony. 

The  body  of  the  malaria  parasite  consists  of  the  cytoplasm  and 
the  nucleus.  In  some  stages  the  parasites  contain  a  pigment  (see  fur¬ 
ther  on)  which  cannot  be  stained  but  has  its  own  natural  color:  dark- 
brown,  golden-yellow,  brownish,  almost  black  (varying  with  the  species 
of  parasite). 
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Infection  of  humans  takes  place  as  a  result  of  the  bite  of  an  In¬ 
fected  Anapheles  mosquito.  The  sporozoites  enter  the  human  organism 
with  the  saliva  of  the  mosquito. 

The  sporozoites  settle  down  In  the  parenchymatous  cells  of  the 
liver,  become  round,  grow,  and  attain  a  diameter  of  40-50(1  and  over. 

The  nucleus  divides  several  times  and  then  the  cytoplasm  Is  segmented. 
As  a  result,  a  large  number  of  small,  about  1  pi  mononuclear  bodies  are 
formed,  the  tissue  merozoltes.  Some  of  these  merozoltes  Invade  the  ery¬ 
throcytes  and  give  rise  to  the  arythrrcytal  development  cycle  of  the 
parasite. 

Other  merozoltes  penetrate  Into  tissue  cells  In  which  the  develop¬ 
ment  of  the  tissue  forms  continues.  The  stages  of  the  parasite  which 
develop  in  the  liver  cell,  are  termed  tissue  or  exerythrocytal  forms. 
Preerythrocytal  forms,  developing  in  the  organism  prior  to  the  Inva¬ 
sion  of  the  erythrocytes,  and  ps;.  : erythrocytal  forms,  whose  develop¬ 
ment  in  the  tissue  cells  takes  place  in  parallel  with  the  development 
of  the  erythrocytal  forms,  are  distinguished. 

The  penetration  of  the  first  meroaoltes  into  the  erythrocytes 
takes  place,  depending  on  the  species  of  parasite,  within  6-6  weeks 
from  the  moment  of  infection- 

The  development  of  the  tissue  forms  Is  absent  in  P.  falciparum. 

When  infection  with  P.  vlvax  takes  place,  the  tissue  forms  of  the 
parasite  are  present  in  the  organism  also  during  the  infection  periods 
when  the  proliferation  of  the  parasites  in  the  blood  is  tenqporarily 
stopped.  The  renewed  proliferation  of  the  parasites  in  the  blood  after 
these  periods  (late  relapse)  occurs  as  a  consequence  of  renewed  Inva¬ 
sion  of  the  merozoltes  from  the  tissue  cells. 

The  erythrocytal  schizogony  of  P.  vlvax.  P.  malariae  and  P.  ovale 
takes  place  in  the  peripheral  blood.  With  P.  falciparum,  only  young 
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achizonta  are  found  In  the  peripheral  blood  which  are  ringshaped.  The 
other  stages  of  schizogony  up  to  the  division  of  the  parasite  Into  me- 
rozoltes  and  the  development  of  the  sexual  forms  (gamonts),  takes 
place  In  the  Internal  organs.  Only  In  the  case  of  severe  comatose  ma¬ 
laria  can  other  stages  of  the  schizogony  cycle  be  observed  In  the  pe¬ 
ripheral  blood.  In  some  strains  of  P.  falciparum  all  stages  of  schizo¬ 
gony  can  be  detected  In  the  peripheral  blood  in  a  large  proportion  of 
patelnts  and  with  relatively  benign  course  of  the  disease. 

The  proliferation  of  the  parasite  In  the  erythrocytes  takes  place 
In  the  form  of  regularly  alternating  cycles.  From  the  moment  of  Inva¬ 
sion  of  the  erythrocyte  by  a  merozolte  to  the  complete  development  of 
the  parasite,  terminating  with  the  formation  of  new  merozoltes,  48 
hours  elapse  with  P.  vlvax.  P.  falciparum  and  P.  o /ale ,  and  72  hours 
with  P.  malarlae.  Some  of  the  merozoltes  which  have  Invaded  the  eryth¬ 
rocytes,  are  transformed  Into  male  and  female  sex  cells,  the  gamonts 
(the  male  -  ml  c  ro  gamonts,  the  female  -  macro  gamonts ) .  The  female  ga~ 
monts  attain  the  stage  of  full  maturity  -  the  gamete  stage  in  human 
blood,  while  the  male  gametes  become  mature  In  the  organism  of  the  car¬ 
rier.  When  the  process  of  maturation  Is  terminated,  the  process  of  ex¬ 
flagellation  Is  observed  In  the  stomach  of  the  mosquito,  the  release 
of  4-8  male  gametes  by  the  male  gametocyte,  which  are  thin  mobile  ci¬ 
lia  which,  after  separation,  move  around  actively  In  the  stomach  con¬ 
tents  and  are  capable  of  penetrating  Into  the  female  gamete  and  of  fer¬ 
tilizing  It  (sexual  process). 

In  P.  falciparum,  the  gametocytes  first  assume  a  spherical  shape 
and  only  later  form  microgametes. 

The  fertilized  female  gamotes  (zygotes)  penetrate  through  the  epi¬ 
thelium  of  the  middle  Intestine  (stomach)  of  the  mosquito  and  form  co- 
cytes  under  Its  external  wall.  The  oocytes  grow  and  a  large  number  of 
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sporozoites,  mononuclear,  fusiform  bodies  (length  11-15P-,  width  1-1. 5W-* 
The  cysts  burst  open  and  the  sporozoites  emerging  from  them,  spread 
with  the  hemolymph  through  the  tissues  of  the  mosquito,  thus  getting 
Into  the  salivary  glands  after  which  the  mosquito  Is  capable  of  trans¬ 
mitting  malaria  to  humans. 

A  malaria  Infection  can  occur  not  only  via  mosquito  bites,  but  al¬ 
so  through  transfusion  with  blood  from  a  donor  In  whose  blood  para¬ 
sites  are  present,  even  If  In  very  small  numbers, 
laboratory  Diagnosis  of  Malaria 

The  parasitological  diagnosis  of  malaria  Is  based  on  the  detec¬ 
tion  of  the  parasites  In  stained  preparations  (large  drop  and  smear) 
of  blood. 

The  parasites  can  be  present  In  the  blood  not  only  during  the 
bouts  of  fever  and  the  Intervals  between  these  attacks,  when  they  fol¬ 
low  one  another,  but  also  during  the  long  periods.  In  which  an  ele¬ 
vated  body  temperature  Is  not  observed.  The  presence  of  parasites  In 
the  blood  In  the  absence  of  fever  bouts  Is  termed  the  parasite- carry¬ 
ing  stage.  Persons  In  this  state  are  parasite  carriers.  They  are  capa¬ 
ble  of  Infecting  mosquitos.  When  wholesale  examination  Is  carried  out, 
blood  samples  must  be  taken  regardless  of  the  presence  or  absence  of 
fever. 

In  accordance  with  the  instructions  of  the  Ministry  of  Health  of 
the  USSR,  the  blood  of  all  patients  with  fever  must  be  tested  for  ma- 
larla. 

Technique  of  preparing  and  staining  smears.  The  smears  are  pre¬ 
pared  as  for  conventional  blood  analysis.  A  small  drop  of  blood  is 
placed  on  a  carefully  washed  and  degreased  object  glass  at  some  dis¬ 
tance  from  the  short  end.  The  glass  Is  placed  on  a  horizontal  surface, 
held  with  the  left  hand  and  with  the  right  hand  a  ground  glass  with 
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Fig.  99.  Preparation  of  a  smear  and  "large  drop".  1-5)  Btages  of  the 
preparation  of  the  smear;  6)  correctly  prepared  smear;  7-9)  incorrect¬ 
ly  prepared  smears;  10-12)  various  methods  of  preparing  the  "large 
drop 

cut-off  corners  (in  consequence  of  which  its  edge  is  slightly  narrower 
than  the  width  of  the  object  glass)  inclined  at  an  angle  of  45#  is 
pushed  towards  the  drop  from  the  opposite  end  of  the  glass.  Aa  soon  as 
the  drop  has  spread  in  the  acute  angle  between  the  edges  of  the  ground 
glass  and  the  object  glw.s,  the  ground  glass  is  quickly  pushed  in  the 
opposite  direction  (Fig.  99). 

The  smear  must  be  prepared  quickly  to  avoid  clotting  of  the  blood. 

To  mark  the  preparations,  an  Inscription  can  be  applied  on  a  small 
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area  of  the  smear  with  a  glass  corner,  a  needle  or  a  simple  pencil. 
When  the  smear  has  dried.  It  Is  fixed  In  96°  ethyl  alcohol  for  15  min¬ 
utes  or  In  methyl  alcohol  for  3  minutes.  The  smears  are  stained  after 
fixing  with  Romanovskiy's  stain,  diluted  with  distilled  water  (1-2 
drops  per  1  mi  water  of  neutral  or  weakly  alkaline  reaction,  pH  -  7.0- 
7.2).  The  staining  requires  30-50  minutes  depending  on  the  quality  of 
the  dye.  After  staining,  the  preparation  Is  rinsed  with  water  and 
dried  In  air. 

Technique  of  preparing  and  staining  the  large  drop.  A  smear  Is 
prepared  on  a  glass  slide  and  a  drop  of  blood  allowed  to  drop  on  the 
still  wet  smear.  The  drop  spreads  uniformly,  forming  a  circle.  As  soon 
as  the  drop  Is  dry,  the  smear  Is  marked  with  a  simple  pencil.  The  pre¬ 
paration  Is  stained  without  previous  fixing  as  indicated  above.  Then 
the  preparation  Is  carefully  rinsed  with  tap  water  (avoiding  washing 
off  the  drop)  and  dried. 

The  smears  and  large  drops  are  examined  under  the  microscope  using 
an  Immersion  lens  system. 

Morphology  of  the  malaria  parasites  in  the  blood  smear  (Pig.  100). 

A  merozoite  which  has  Invaded  an  erythrocyte,  is  transformed  into  a 
young  schizont  which  Is  visible  as  a  ring  (No.  1,  9,  17*  18).  The  para¬ 
site  then  Increases  in  size  and  assumes  an  ameboid  shape  but  retaining 
the  lumen  (vacuole)  between  the  nucleus  and  the  main  part  of  its  cyto¬ 
plasm  (No.  2,  3,  10).  Pigment  grains  appear  in  the  cytoplasm  of  the 
parasite.  The  ameboid  schizont  fills  a  considerable  part  of  the  volume 
of  the  erythrocyte,  then  begins  to  assume  a  circular  shape  (No.  4,  19), 
the  vacuole  disappears  (stage  of  preparation  of  the  cell  division), 
and  the  plgaent  which  is  fairly  uniformly  distributed  in  the  younger 
ameboid  schizonts,  begins  to  be  concentrated  into  individual  clusters. 
No.  11,  12,  represent  schizonts  typical  for  P.  malarlae .  the  ribbonlike 
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forms.  The  nucleus  of  the  parasite  begins  to  divide  (No.  5*  13*  20,  21) 
and  then  the  cytoplasm  of  the  parasite  divides  in  such  a  manner  the.';  a 
small  clump  of  cytoplasm  adjoins  each  daughter  nucleus  (morulatlon).  As 
a  result,  a  cluster  of  merozoltes  Is  formed,  the  morula  (No.  6,  14,  22). 
During  the  morula  stage,  the  pigment  Is  concentrated  Into  a  single  com¬ 
pact  cluster.  In  P.  falciparum  concentration  of  the  pigment  sets  In 
even  before  the  complete  morula  formation.  The  merozoltes  are  dispersed 
Into  the  blood  plasma,  where  part  of  them  die,  while  some  succeed  In  In¬ 
vading  other  erythrocytes. 

Gamonts.  The  shape  of  the  gamonts  Is  circular  or  slightly  ellipti¬ 
cal  In  all  malaria  parasites,  with  the  exception  of  P.  falciparum,  P. 
falciparum  has  elongated  gamonts  (crescent  shape)  with  rounded  ends. 

the  male  and  female  gamonts  differ  with  regard  to  the  Blze  and 
structure  of  the  nucleus  and  the  Intensity  of  the  color  of  the  cyto¬ 
plasm.  Female  gamonts  (No.  7,  15,  23):  small  compact  nucleus,  the  cyto¬ 
plasm  Is  stained  Intensely  blue.  Male  gamonts  (No.  8,  16,  24):  large, 
diffuse  loose  nucleus,  occupies  a  considerable  part  of  the  cell;  the 
cytoplasm  Is  stained  a  pale  color,  and  part  of  the  zone  around  the  nu- 
cleus  assumes  a  violet  tinge. 

The  morphological  characteristics  which  are  typical  for  the  devel¬ 
opment  stages  of  the  malaria  parasites  of  different  species,  are  pre¬ 
sented  In  Table  66. 

The  morphological  changes  of  the  erythrocytes,  which  have  been  In¬ 
vaded  by  malaria  parasites  of  different  species,  are  presented  In  Table 

67. 

Morphology  of  the  malaria  parasites  In  the  large  drop.  Because  the 
large  drop  Is  stained  without  fixation,  the  erythrocytes  are  leached 
out  and  the  malaria  parasites  undergo  considerable  deformation. 

In  P.  malarlae  and  P.  falciparum,  the  Infected  erythrocytes  in  the 
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large  drop  are  leached  out  completely  like  the  normal  erythrocytes. 

In  the  large  drop,  the  stroma  of  erythrocytes.  Infected  with  P. 
vlvax,  Is  sometimes  preserved  In  the  form  of  a  delicate  rose-red  disc. 

In  the  latter  case,  the  diagnosis  of  the  species  of  malaria  parasite  In 
the  large  drop  Is  facilitated. 

Residues  of  erythrocytes.  Infected  with  P.  ovale,  are  also  partly 
preserved.  Hence,  when  the  blood  of  a  patient  coming  from  a  country, 
where  P.  ovale  is  found  (mainly  from  Africa),  is  tested,  a  differential 
diagnosis  by  means  of  a  blood  smear  must  be  carried  out  when  such  types 
of  erythrocyte  damage  are  detected. 

Hie  rings  rarely  retain  their  shape  In  the  large  drop,  being  usual¬ 
ly  distorted,  drawn  out  In  the  form  of  an  exclamation  mark,  sometimes 
distorted  Into  the  form  of  a  comma. 

The  ameba-llke  achlzonts  are  often  flattened,  their  cytoplasm 
sometimes  being  fragmented,  while  the  ribbon- like  achlzonts  of  P.  cala- 
riae  assume  a  round  shape  In  the  large  drop  and  are  not  distinguishable 
. om  the  ameboid  schlzonts. 

It  Is  usually  difficult  and  sometimes  Impossible  to  distinguish 
schlzonts  which  are  about  to  commence  cell  division,  from  a  gamont 
(with  the  exception  of  P.  falciparum). 

The  morula  are  easily  recognizable  In  the  large  drop. 

The  morphology  of  the  pathogenic  parasites  In  the  large  drop  Is 
presented  In  Fig.  101.  The  cytoplasm  of  the  parasites,  as  a  result  of 
the  effect  of  the  chemotherapeutic  preparations,  is  less  Intensely 
stained,  assumes  a  glasslike  appearance,  becomes  vacuollzed  and  break 
up  Into  individual  clumps.  The  nuclei  are  loosened  or,  conversely,  more 
compact  and  dense.  When  certain  preparations  (for  example,  achrlchln) 
act  on  them,  the  pignent  collects  Into  clusters  and  Is  ejected  from  the 
parasite.  The  recognition  of  parasites  which  have  been  subjected  to 
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such  deformations  In  the  large  drop  becomes  more  difficult  and  some¬ 
times  Impossible. 

JHagnostlc  errors,  lhrombocytes  can  be  confused  with  malaria  para¬ 
sites  In  blood  smears  and  large  drops ,  a  single  plaque  can  be  mistaken 
for  a  merozolte,  an  accumulation  of  plaques  can  simulate  a  morula.  In 
the  Romanovskiy- stained  preparations,  the  plaques  differ  from  the  mero- 
zoltes  by  the  following  characteristics:  the  merozolte  consists  of  a 
red,  compact  nucleus  and  a  clump  of  blue  cytoplasm,  the  background  of 
the  plaque  In  the  smear  Is  sometimes  stained  a  pale  blue  color,  but  Its 
grains  assume  a  red  color  of  a  lighter  shade  than  the  merozolte  nuclei. 

Extraneous  microorganisms  can  also  be  observed  In  the  preparations 
which  are  similar  In  shape  to  the  malaria  parasites:  fungi,  monocellu¬ 
lar  algae,  freellvlng  protozoa,  etc.  These  formations  can  get  Into  the 
preparations  from  insufficiently  carefully  cleaned  glasses,  from  the 
finger  of  the  patient  and  also  from  the  water  with  which  the  dye  has 
been  diluted.  In  particularly,  when  it  has  been  taken  from  a  container, 
which  has  not  been  cleaned  for  a  long  time. 

Some  monocellular  organisms  with  a  compact  nucleus  In  the  center 
and  which  are  stained  dark  red  by  Romanovskiy  dye,  can  simulate  gamonts 
of  P.  falciparum.  They  can  be  easily  distinguished  by  the  absence  of 
pigment. 

Freellvlng  protozoa  with  one  or  several  flagellae  can  be  mistaken 
for  the  stage  of  the  formation  of  the  male  gametes  (exflagellation)  of 
the  malaria  parasite. 

Examination  of  mosquitos  for  Infection  with  malaria  parasites.'  The 
mosquitos  are  dissected  and  the  presence  of  cocytes  on  the  stomach  and 
of  sporozoites  in  the  salivary  glands  (see  Fig.  102)  Is  determined. 

The  mosquito  Is  paralyzed  with  chloroform  or  ether  (a  few  drops  on 
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Pig.  102.  Different  stages  In  the  development  of  the  cysts  on  the 
'  ;quito  stomach. 

the  cottonwool  stopper  of  the  test  tube)  or  with  tobacco  smoke.  The 
legs  and  wings  are  clipped.  The  mosquito  Is  lsxaersed  for  a  few  seconds 
Into  50°  alcohol  by  grasping  It  behind  the  proboscis  and  transferred  to 
an  object  glass  In  a  drop  of  physiological  salt  solution.  The  mosquito 
Is  transected  across  the  thorax  with  needles,  and  the  head,  together 
with  the  anterior  half  of  the  thorax  Is  transferred  to  another  drop  of 
physiological  salt  solution,  slightly  colored  with  methylene  blue  and, 
holding  thus  part  of  the  thorax  with  one  needle,  the  head  Is  pulled  off 
with  the  other  and  together  with  the  digestive  tract  and  other  organs, 
the  salivary  glands  are  extracted.  Having  separated  the  cluiqp  of  organs 
from  the  head,  they  are  covered  with  a  cover  glass. 
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The  chitin  covering  of  the  abdomen  between  the  third  and  second 
segment  from  behind  on  the  posterior  half  of  the  mosquito  Is  then  bro¬ 
ken  with  the  needle.  Holding  the  thorax  of  the  mosquito  with  needle  on 
which  It  Is  stuck,  one  pulls  off,  by  means  of  another  needle,  the  end 
of  the  abdomen  from  which  trail  the  sexual  organs  (they  are  removed) 
and  the  Intestine  with  the  Malpighian  vessels,  which  Issue  from  the  pos¬ 
terior  and  of  the  stomach  (they  are  also  removed).  The  dilated  posteri¬ 
or  part  of  the  stomach  Is  carefully  protected  with  a  cover  glass. 

The  cocysts  are  visible  In  the  native  preparations  even  under  weak 
magnification  with  a  dry  lens  but  are  easier  to  examine  under  strong 
magnification  (objective  40;  ocular  7  or  10).  Immature  cocysts  appear 
In  such  preparations  as  round  homogeneous  formations  containing  a  pig¬ 
ment  which  consists  of  several  small  lumps.  Well  formed  sporozoites 
which  are  In  close  contact  with  each  other,  are  visible  In  the  mature 
cocysts.  The  palisade-like  rows  of  sporozoites  are  positioned  at  differ¬ 
ent  angles  to  each  other  with  the  result  that  the  cocyst  assumes  a  mo¬ 
saic  appearance.  When  a  moderate  pressure  is  exerted  with  the  cover 
glass  on  the  preparation,  the  sporozoites  are  squeezed  out  from  the  co¬ 
cyst.  When  the  pressure  Is  weak,  the  sporozoites  remain  In  place.  In 
this  case,  the  burst  cyst,  because  of  the  sporozoites  which  stick  out 
In  different  directions,  resembles  a  hedgehog.  When  the  pressure  Is 
greater,  the  sporozoites  are  completely  liberated  and  enter  the  fluid 
around  the  stomach.  In  which  they  are  easily  noticed  because  of  their 
typical  movements. 

In  the  salivary  glands,  the  sporozoites  are  arranged  In  rows  per¬ 
pendicular  to  the  duct  of  the  salivary  glands  and  also  In  the  form  of 
conglomerates  In  the  secretion  of  the  salivary  glands.  When  the  sail 
vary  glands  are  conpressed,  the  sporozoites  enter  the  ambient  fluid  In 
which  they  are  easily  discerned  on  account  of  their  mobility. 


Permanent  sporozoite  preparations  can  be  made  from  the  Infected 
stomachs  and  salivary  glands.  The  smears  from  the  compressed  mosquito 
stomachs  with  mature  oocysts  and  also  the  Infected  salivary  glands  are 
fixed  with  methyl  or  ethyl  alcohol.  It  Is  best  when  fixing  the  prepara* 
ticn,  to  pour  the  fixing  agent  on  the  preparation  to  avoid  washing  out 
of  the  sporozoites.  When  the  fixing  agent  has  evaporated,  the  prepara* 
tlons  are  stained  according  to  the  Rcmanovskiy  method  In  the  same  man¬ 
ner  as  the  blood  preparations.  The  stained  preparations  are  examined 
microscopically,  using  an  lsnerslon  lens  system.  Sporozoites  In  which 
the  cytoplasm  Is  stained  a  blue  color,  and  the  nucleus  consists  of  sev* 
eral  clumps  of  chromatin,  a  red- violet,  are  clearly  visible  in  these 
preparations. 

Total  permanent  preparations  are  made  from  the  Infected  stomachs 
and  also  the  salivary  glands.  The  stomachs  or  salivary  glands  adhering 
to  the  object  or  cover  glass  are  drawn  through  alcohols  with  ascending 
molecular  weight  and  embedded  In  Canada  balsam. 

Treroatode  cysts  (which  can  simulate  the  cysts  of  the  malaria  para¬ 
sites)  can  be  seen  on  mosquito  stomachs  In  addition  to  the  cysts  pre¬ 
sent  In  malaria-affected  mosquitos.  The  differences  between  the  trema- 
tode  cysts  and  the  cysts  of  the  malaria  parasites  are  the  following: 
the  cysts  of  t re mat odes  are  attached  to  the  wall  of  the  anterior  part 
of  the  stomach,  often  In  direct  vicinity  to  the  anterior  Intestine. 

They  are  seen  In  the  form  of  solitary  specimens  and  sit  on  a  pedicle. 
The  cysts  of  the  malaria- infected  mosquitos  cling  to  the  posterior  half 
of  the  mosquito  Btomach  In  varying,  sometimes  very  large  numbers  (200- 
500),  they  have  no  pedicles,  and  sit  dlrectlv  on  the  stomach  wall  under 
the  outer  envelope. 


STAPHYLOCOCCUS  INFECTIONS 

C.  V.  Wgodchlko v  ■  Professor,  Member  AMN  USSR 

Staphylococci  are  widely  distributed  In  nature  and  are  the  patho¬ 
genic  organisms  responsible  for  many  human  and  animal  diseases,  greatly 
differing  In  their  manifestations,  from  simplo  local  folliculitis  to 
fulminant  staphylococcal  sepsis.  Staphylococcus  Infections  afire  most 
frequently  observed  In  maternity  hones  In  parturient  women  and  the  new¬ 
born  (sepsis,  mastitis,  pyodermia  and  pneumonia  of  the  newborn). 

Most  diseases  with  staphylococcus  etiology  arise  as  a  result  of  an 
Infection  with  pathogenic  staphylococcus  strains  which  are  resistant  to 
antibiotics. 

biology  of  staphylococci ;  culture  properties 

A  number  of  special  media  has  been  proposed  for  growing,  selective 
eolation  and  differentiation  of  staphylocoool. 

A  correlation  between  the  biochemical  and  culture  properties  of 
staphylococci  and  their  pathogenicity  can  be  established  when  they  are 
grown  on  Chapman  medium.  This  medium  consists  of  aqueous  1.5$  agar  con¬ 
taining  5-  5%  sodium  chloride,  1 %  mannitol,  0.2f>£  yeast  extract,  3 %  gela¬ 
tin,  1 %  tryptone  and  0.5£  potassium  diphosphate. 

The  ability  of  the  staphylococci  to  ferment  lactose  and  mannitol 
Is  used  to  determine  their  biochemical  activity  which  Is  taken  as  a  cri¬ 
terion  of  their  pathogenicity.  For  this  purpose,  media  containing  these 
carbohydrates,  either  solid  (3*5£  agar)  or  liquid  and  an  Indicator  (pH 
8.6)  are  inoculated  with  the  teBt  material. 

When  pathogenic  staphylococci  are  grown  at  37*  for  18  hours,  they 
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decompose  the  carbohydrate  and  the  Indicator,  thus  changing  the  color 
of  the  medium.  However,  a  considerable  number  of  strains  of  nonpatho- 
genlc  staphylococci  (from  11  to  55£)  are  also  capable  of  fermenting 
mannitol,  which  Is  the  reason  why  this  test  cannot  be  considered  to  be 
an  adequate  criterion  of  pathogenicity. 

Besides,  when  antibiotic-resistant  staphylococcus  strains  were  Iso¬ 
lated,  their  capacity  for  fermenting  mannitol  was  found  to  change  con¬ 
siderably. 

A  number  of  other  methods  of  Identification  and  differentiation  of 
staphylococci  Is  known. 

A  certain  correspondence  exists  between  the  formation  of  phospha¬ 
tase  and  coagulase  by  staphylococcus  strains.  A  phosphatase  test  In 
cultures  on  dishes  with  nutrient  medium  Is  recommended  for  excluding 
nonvlrulent  strains.  In  particular,  cultures  Isolated  from  the  noses  of 
possible  carriers  of  pathogenic  staphylococci.  Agar  medium  containing 
phenolphtaleln  diphosphate  Is  used  for  this  purpose.  By  producing  phos¬ 
phatase,  the  microbes  liberate  free  phenolphtaleln  which  Is  then  detec¬ 
ted  when  the  Petri  dish  containing  the  culture  Is  exposed  to  anmonia 
vapor. 

Formation  of  toxins 

Staphylococcus  toxin.  Different  points  of  view  exist  with  regard 
to  the  nature  and  principle  of  action  of  the  staphylococcus  toxin.  Un¬ 
til  now,  discussion  has  centered  on  the  problem,  whether  the  numerous 
toxic  properties  of  the  staphylococous  toxin  belong  to  a  single  toxic 
complex  or  whether  each  of  them  Is  due  to  a  separate  substance.  However, 
all  researchers  acknowledge  the  hemolytic  function  of  the  staphylococ¬ 
cus  toxin. 

me  connection  between  the  hemolytic  capacity  of  staphylococcus 
and  Its  pathogenicity  allows  us  to  consider  hemolysis  a  sufficient  cri- 
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terlon  of  pathogenicity. 

Of  importance  for  practical  purposes  Is  the  determination  of  the 
hemolytic  functions  of  the  a  and  &  toxins  of  staphylococcus .  When  patho¬ 
genic  strains  of  staphylococcus  are  grown  which  secrete  a  toxin  when 
grown  at  37°  on  agar  dishes,  containing  5f  sheep  or  rabbit  erythrocytes, 
large  hemolysis  zones  are  observed  around  the  colonies;  this  Is  an  Indi¬ 
cation,  that  the  staphylococol  produce  a  toxin.  When  Inoculation  is  car¬ 
ried  out  with  staphylococcus  strains  Isolated  from  animals,  the  hemoly¬ 
sis  of  rabbit  erythrocytes  does  not  take  place.  However,  B  hemolysin 
lyses  sheep  erythrocytes  but  only  on  condition  that  after  growing  at 
37°,  the  cultures  are  placed  in  the  cold  for  24  hours.  B  hemolysin  has 
been  termed  hot-cold  hemolysin  because  of  this  property. 

TABLE  67a 

Pathogenicity  and  plasmacoagulatlon  (according  to  G.  V.  Vygodchlkov) 


Years 

Number  of  Investi¬ 
gated  pathogenic 
staphylococcus 
strains 

f  of  strains  giving 
a  positive  plasma 
coagulation  reac¬ 
tion 

1948 

867 

97.6 

1949-1951 

768 

96.7 

1960-1961 

832 

95.2 

Total 

2467 

96.5 

The  data  obtained  In  the  Investigation  of  pathogenic  staphylococci 
with  respect  to  their  capacity  of  coagulating  rabbit  blood  plasma  are 
summarized  In  Table  67a. 

The  method  of  plasma  coagulation  consists  In  the  following:  blood, 
taken  from  the  heart  of  a  rabbit  In  a  quantity  of  10  mi.  Is  placed  Into 
a  test  tube  containing  1  mi  of  5f  sodium  citrate  solution.  Ihe  plasma 
thus  obtained  Is  diluted  with  physiological  salt  solution  1:4  (ex  tem- 
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pore)  and  poured  Into  sterile  test  tubes  In  a  quantity  of  0.5  mi  In 
each.  The  test  tubes  containing  the  cltrated  rabbit  plasma  are  then  In¬ 
oculated  by  means  of  a  platinum  loop  with  staphylococcus  colonies , 
grown  at  37*  for  12-18  hours  and  placed  into  a  thermostat  at  37*.  The 
pathogenic  staphylococci  coagulate  the  plasma  within  a  period  of  30 
minutes  to  10  hours,  but  usually  within  2-4  hours. 

The  rabbit  plasma  can  be  replaced  by  human  plasma  for  this  coagula¬ 
tion  test.  The  plasma  of  a  person  which  has  received  a  glucose  Injec¬ 
tion  shortly  before  the  taking  of  the  blood  sample  must  not  be  used.  Hu¬ 
man  plasma  cannot  be  used  If  the  test  culture  has  been  grown  In  a  car¬ 
bon  dioxide  atmosphere.  The  plasma-coagulation  reaction  Is  Inhibited  In 
both  cases. 

We  have  Indicated  earlier  the  contraindications  existing  with  re¬ 
gard  to  the  use  of  plasma  from  a  donor.  Individual  series  of  human  plas¬ 
ma  used  for  blood  transfusion,  differ  greatly  with  respect  to  the  plas- 
macoagulatlon  test,  hence  control  test  with  coagulase-posltlve  and  pre¬ 
viously  known  coagulase-negative  staphylococcus  cultures  are  necessary. 

In  this  situation,  blood  plasma  obtained  by  means  of  oxalates  or 
heparin,  which  Is  not  coagulated  by  enterococous  strains,  must  be  used. 
It  Is  also  necessary  to  keep  In  mind  that  not  all  staphylococci  which 
form  part  of  a  population,  are  capable  of  producing  coagulase  and, 
therefore,  their  ratio  In  the  material  taken  for  the  test,  may  affect 
the  plasmacoagulatlon  reaction  [Smith,  Morrison,  I.  Lomlnskly,  1952]. 

Die  reaction  on  glass  can  be  used  as  a  preliminary  test.  This  meth¬ 
od  Is  based  on  the  capacity  of  the  coagulase-posltlve  staphylococcus 
strain  to  be  agglutinated  by  plasma.  The  coagulase-negative  strains  do 
not  have  this  property  [Kadnis,  Ore  vs  et  al. ,  1943]. 

Ilek  proposed  to  use  the  plasmacoagulatlon  test  for  Identifying  pa¬ 
thogenic  staphylococci  on  solid  media.  A  strip  of  paper,  moistened  with 


purified  and  concentrated  antitoxic  globulins  from  normal  antitoxic 
antlstaphylococeus  serum  from  horses ,  Immunized  with  staphylocooous 
toxin.  Is  place  on  the  surface  of  an  agar  dish,  containing  the  blood 
plasma.  The  toxin  Is  obtained  by  growing  of  strains  of  the  toxigenic 
staphylococcus  Wood-46.  The  staphylococci  are  used  to  Inoculate  the 
dish  In  a  direction  at  right  angles  to  the  paper  strip.  The  staphylococ¬ 
cus  antitoxin  inhibits  the  coagulation  effect,  while  an  Inhibition  of 
the  plasma-coagulating  effect  Is  not  observed  In  a  control  dish.  In 
which  the  paper  strip  had  been  moistened  with  normal  horse  serum. 

Antigen  structure;  serotypes;  phagotvoes 

The  pathogenic  and  nonpatho genic  staphylococci  can  also  be  differ¬ 
entiated  by  means  of  the  agglutination  test. 

The  precipitation  test,  which  has  proved  so  valuable  In  the  classi- 
location  of  streptococcus,  has  received  a  contradictory  evaluation. 
Eudgeon  and  Slmson  could  not  arrive  at  any  final  conclusions  with  this 
mechod  but  Jullanel  and  Vlcard  found  It  possible  to  differentiate  the 
phylococcl  by  means  of  the  precipitation  test  Into  two  groups:  patho¬ 
genic  and  saprophytic. 

Using  a  large  number  of  strains,  Thomson  and  Corazo  and  Cowan 
found  that  each  of  these  groups  Is  made  up  of  numerous  subgroups.  Among 
these  groups,  determined  by  means  of  the  precitation  test,  different 
types  can  be  distinguished  by  means  of  the  agglutination  test  (Cowan). 

The  pyogenic  staphylococci  were  subdivided  by  means  of  adsorbing 
sera  into  7  specific  types  and  8  types  with  less  specific  reactions  (Al¬ 
lison  and  Hobbs).  Using  these  sera,  Hobbs  was  abls  to  Identify  2 56 
strains  of  staphylococci  at  his  disposal,  while  only  67. of  the 
strains  were  Identified  by  means  of  bacteriophages. 

The  method  of  phage  typing  the  staphylococci  Is  of  great  Impor¬ 
tance.  The  staphylococci  can  be  subdivided  into  different  phagotypes  by 

-  900  - 


4 


means  of  specific  staphylococcus  phages. 

mis  method  makes  It  possible  In  some  cases  to  confirm  the  Identi¬ 
ty  of  staphylococcus  strains.  Isolated  from  carriers  and  from  patients 
and  thus  to  carry  out  the  Important  epidemiological  task  of  elucidating 
the  epidemiological  connections  and  the  sources  of  Infection  In  diseases 
with  staphylococcus  etiology. 

The  method  of  phage  typing  makes  It  possible  to  determine  to  some 
degree  the  pathogenicity  of  staphylococcus  strains  because  only  patho¬ 
genic  staphylococcus  strains  can  be  phage  typed. 

For  the  purpose  of  staphylococcus  phage  diagnosis  by  means  of  spe¬ 
cific  lysis,  phages  are  used  belonging  to  the  following  five  groups:  to 
the  first  group  belong  the  typing  phages  29*  52*  52A,  79  and  80;  to  the 
second  group  3A,  3B,  3C,  55  and  71;  to  the  third  group  6,  7*  42E,  73* 

53*  5^,  75  and  77;  to  the  fourth  group  42D  and  to  the  fifth  group  187. 

Observations  of  some  foreign  researchers  Indicate  the  existence  of 
special  socalled  "epidemic "  staphylococcus  strains;  to  these  belong  the 
staphylococcus  strain  of  phagotype  80,  appertaining  to  the  first  group, 
and  also  the  staphylococcus  strain  of  phagotype  77  which  belongs  to  the 
third  group.  These  staphylococcus  strains  are  most  frequently  Isolated 
during  flareups  of  staphylococcus  hospital  Infections. 

General  recognition  for  the  typing  of  staphylococcus  has  been  ac¬ 
corded  the  method  of  Wilson  and  Atldnson  (1945)  who  use  the  method  of 
Isolating  phages  proposed  In  1942  by  Fisk.  Williams  and  Rlppon  (1952) 
described  In  detail  the  Improved  method  of  Wilson  and  Atkinson  adopted 
by  them. 

For  the  purpose  of  typing,  the  staphylococcus  bacteriophages  are 
used  In  critical  test  dilution.  The  critical  test  dilution  Is  defined 
as  the  greatest  phage  dilution  which  will  still  give  complete  lysis  of 
a  stephylococcus  strain  by  the  phage  concerned.  The  method  of  phage 
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typing  of  staphylococcus  cultures  Isolated  from  different  materials  con¬ 
sists  In  the  following.  Agar  Is  filled  Into  Petzl  dishes,  slightly 
dried  at  37*  for  30-40  minutes  and  then  a  four-hour-old  broth  culture 
of  the  staphylococous  to  be  typed  is  poured  over  the  surface  of  the 
agar.  The  excess  culture  Is  removed  and  the  dishes  dried  for  20-30  min¬ 
utes.  For  convenience,  a  grid  la  placed  on  the  bottom  of  the  dish,  con¬ 
sisting  of  squares.  A  drop  from  each  bacteriophage  Is  applied  to  the 
dried  agar  surface,  using  one  square  of  the  grid  pattern  for  each  drop. 

After  slight  drying  of  the  phage  drops,  the  dishes  are  left  at  30° 
for  18  hours  or  at  37s  for  5*6  hours.  The  results  of  the  lysis  are  des¬ 
ignated  as  confluent:  lysis  (♦■♦-)■♦■),  confluent  lysis  with  secondary 
growth  (+++)  and  more  than  50  negative  colonies  by  (++). 

The  test  result  Is  considered  positive  only  when  the  bacteriophage 
gives  a  lysis  of  the  strain  of  not  less  than  ++. 

The  nature  of  the  sensibility  of  the  staphylococci  to  the  respec¬ 
tive  phage  Is  very  constant  and  lsnot  altered  by  repeated  subcultures 
..':d  subinoculations. 

Up  to  60 %  of  the  Isolated  staphylococci  can  be  typed  by  means  of 
the  basic  phages  In  critical  test  dilution  (Matejovska,  1957;  Maclean, 
1956  and  Vogelsang,  1959)* 

According  to  the  data  of  Soviet  authors,  the  percentage  of  Isolated 
staphylococci  which  can  be  typed  with  phages  Is  73.7  (0-  V.  vygodchikov, 
Akatov).  If  a  staphylococous  culture  Is  not  lysed  by  the  critical  test 
dilution  of  phage,  typing  should  be  repeated  with  a  concentration  100  x 
that  of  the  critical  test  dilution. 

Pathogenicity 

Staphylococci  can  be  divided  Into  3  groups  on  the  basis  of  their 
pathogenicity  and  toxicity  (Gross,  G.  V.  Vygodchikov). 

The  staphylococci  of  the  first  group  give  considerable  hemolysis 
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on  5^  blood  agar  with  rabbit  or  sheep's  blood.  When  suoh  a  culture  Is 
Injected  subcutaneously,  considerable  necrosis  Is  produced,  sometimes 
followed  by  the  death  of  the  rabbit.  The  staphylococci  of  this  group  co¬ 
agulate  cltrated  rabbit  plasma  within  1-2  hours.  Staphylococci  having 
this  property,  as  a  rule,  produce  toxin  and  are  Isolated  from  patients 
with  furunculosis,  hydroadenitis,  osteomyelitis,  phlegmone,  sepsis  and 
several  other  purulent  diseases.  The  staphylococci  of  the  first  group 
are  to  be  considered  as  absolutely  pathogenic. 

Hie  staphylococci  of  the  second  group  cause  slight  hemolysis  on 
yf>  blood  agar  with  rabbit  or  sheep's  blood.  When  Injected  subcutaneous- 
ly,  hyperemia  or  Infiltrations  appear,  rarely  followed  by  necrosis. 

The  staphylococci  of  this  group  coagulate  cltrated  rabbit  blood  plasma 
within  a  period  of  6  hours  and  over.  Hie  staphylococci  with  these  prop¬ 
erties  are  considered  as  conditionally  pathogenic.  They  are  often 
found  on  open  skin  surfaces,  in  folliculities,  sometimes  on  wound  sur¬ 
faces. 

The  staphylococci  of  the  third  group  do  not  cause  hemolysis  on  5 % 
blood  agar  with  rabbit  or  sheep's  blood,  do  not  cause  necrosis  when 
given  to  a  rabbit  subcutaneously  and  do  not  coagulate  cltrated  rabbit 
blood  plasma.  These  staphylococci  must  be  considered  as  saprophytes; 
they  are  often  Isolated  from  the  surface  of  healthy  skin  and  also  from 
various  objects. 

Laboratory  Diagnosis  of  Staphylococcus  Infections 

Staphylococci  can  be  relatively  easily  Isolated  from  a  human  Infec¬ 
tion  focus  and  It  Is  thus  not  necessary  to  use  a  concentration  method. 

In  cases  of  staphylococcus  pneumonia,  the  staphylococci  are  often  Iso¬ 
lated  In  the  form  of  a  pure  culture.  The  same  applies  to  staphylococcus 
enteritis  of  children.  When  the  culture  Is  made  from  the  skin  surface, 
the  surface  of  the  focus  Is  carefully  cleaned  and  the  inoculation  carried 
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out  with  material  from  the  deeper  layers  using  a  platinum  loop.  The  ma¬ 
terial  taken  up  with  the  loop  is  carefully  rubbed  on  the  surface  of  an 
agar  dish  with  a  pK  ■  7. 2-7* 4. 

To  Isolate  staphylocooci,  Petri  dishes  containing  milk-salt  agar 
are  Inoculated.  Meat- peptone  agar  with  a  j>H  of  7*2-7 *4,  containing  7*5£ 
common  salt,  is  kept  at  a  temperature  of  10°  after  sterilization  and 
melted  before  use  and  10%  skim  milk  added.  The  latter  is  prepared  by 
the  usual  method,  poured  into  test  tubes  and  sterilized  at  100*  for  30 
minutes  a  day  for  3  successive  days. 

Dishes  with  5%  blood  agar  with  rabbit  or  sheep's  blood  are  inocu¬ 
lated  at  the  same  time.  After  18-20  hours  of  incubation  at  37* ,  the  col¬ 
onies  which  have  grown  on  the  dishes  are  microscopically  examined, 
smears  made  and  gram- stained.  The  staphylococcus  colonies  are  then  sub- 

inoculated  in  test  tubes  containing  nutrient  medium  and  placed  into  the 

*• 

thermostat  at  37*.  After  12-18  hours  of  growth  gram-stained  smears  from 
the  cultures  thus  grown  are  microscopically  examined,  the  plasma  coagul- 
lon  test  is  carried  out,  and  a  suspension  is  prepared  from  the  remain¬ 
ing  culture  in  physiological  salt  solution  calculated  to  contain  2  bil¬ 
lion  microbial  bodies  in  1  mi  of  the  suspension.  0.2  mi  of  this  suspen¬ 
sion  is  injected  subcutaneously  into  a  rabbit,  the  hairs  being  first  re¬ 
moved  by  plucking  or  careful  clipping.  The  reaction  is  read  24-48  hours 
later.  It  is  not  recommended  to  carry  out  more  than  4-5  tests  on  one 
rabbit. 

When  blood  cultures  are  made,  the  following  method  should  be  used. 
Following  careful  disinfection  of  the  surface  of  the  elbow  joint  with 
ether  and  alcohol,  a  blood  sample  is  taken  with  a  10- gram  syringe  and, 
holding  the  needle,  the  tip  of  the  syringe  is  sterilized  in  a  flame  and 
the  blood  squirted  into  a  test  tube  containing  1  mi  of  sterile  physio¬ 
logical  salt  solution.  The  test  tube  with  the  blood  is  placed  into  the 
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thermostat  for  20  minutes  and  then  Into  the  refrigerator.  Broth,  con¬ 
taining  0.25J6  glucose  and  having  a  j>H  of  7.5,  50  mi  of  which  Is  poured 
Into  test  tubes  with  a  dlaemeter  of  2  cm  and  a  length  of  30  cm.  Is 
used  as  the  culture  medium.  Serum  and  part  of  the  erythrocytes  Is  suck¬ 
ed  up  with  a  Pasteur  pipette  and  the  test  tubes  with  the  medium  are  In¬ 
oculated.  The  blood  clot  Is  used  to  Inoculate  another  test  tube.  When  a 
growth  Is  observed  In  the  broth  after  12-18  hours,  the  microbes  are  mi¬ 
croscopically  examined  ar.d  a  subinoculation  carried  out  In  a  test  tube 
containing  a  sloping  agar  layer  with  £H  -  7*5  and  dishes  with  5$  blood 
agar  made  up  with  rabbit  or  sheep's  blood. 

On  the  following  day,  the  culture  Is  injected  Into  a  rabbit  subcut¬ 
aneously  as  Indicated  above  (necrosis  test)  and  then  Inoculation  of  ci- 
trated  rabbit  plasma  Is  carried  out  (plasma  coagulation  test).  2  centri¬ 
fuge  test  tubes  filled  with  nutrient  broth  are  then  inoculated  with  the 
culture  in  order  to  determine  the  toxigenicity  of  the  staphylococcus 
strain.  The  test  tubes  are  placed  Into  an  exsiccator  In  which  2056  of 
the  air  has  been  replaced  by  carbon  dioxide.  The  teBt  tubes  are  then 
centrifuged  48  hours  later.  1  mi  of  the  supernatant  fluid  Is  sucked  off 
and  1  mi  of  antitoxic  staphylococcus  serum,  containing  1  AYe/mi  and  a 
drop  of  rabbit  erythrocytes,  diluted  in  a  ratio  of  1:2  with  physiologi¬ 
cal  salt  solution  are  added.  The  rabbit  erythrocytes  are  previously 
washed  three  times  in  the  centrifuge  with  physiological  salt  solution. 

The  degree  of  hemolysis  is  gaged  after  the  test  tubes  have  been  in 
the  thermostat  for  an  hour.  If  the  staphylococcus  culture  is  toxigenic, 
hemolysis  of  the  erythrocytes  does  not  take  place  in  the  test  tube  to 
which  the  antitoxic  serum  has  been  added,  while  hemolysis  should  take 
place  in  the  test  tube  to  which  no  antitoxic  serum  had  been  added. 

In  order  to  determine' the  degree  of  toxigenicity  of  the  isolated 
staphylococcus  strain,  the  strain  is  grown  on  agar,  prepared  by  the 
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method  of  Parish  and  Calrke  (agar,  diluted  to  half  the  concentration 
with  Martin  broth).  The  dishes  are  placed  In  an  exsiccator  In  which  20£ 
of  the  air  has  been  replaced  by  carbon  dioxide.  24  hours  later,  10  mi 
Martin  broth  Is  added  to  each  dish  and  the  dishes  placed  Into  the  exslc- 
cator  for  24  hours.  The  contents  of  the  dishes  are  then  filtered  through 
gauze  and  Chamberlain  candles.  The  filtrate  thus  obtained.  If  It  con¬ 
tains  toxin,  should:  1)  dissolve  rabbit  erythrocytes;  2}  cause  necrosis 
when  Injected  subcutaneously  Into  a  rabbit;  3)  kill  a  rabbit  within  24 
hours  when  given  Intravenously. 

To  determine  the  hemolytic  capacity  of  the  filtrate.  It  la  diluted 
with  physiological  salt  solution  In  dilutions  of  1:100  to  1:1000,  pour¬ 
ed  Into  test  tubes  In  a  quantity  of  1  mi  In  each  and  a  drop  of  rabbit 
erythrocytes,  diluted  1:2  with  physiological  salt  solution,  added.  The 
rabbit  erythrocytes  are  first  washed  three  times  In  the  centrifuge  with 
physiological  salt  solution.  The  hemolysis  Is  gaged  after  the  test  tubes 
have  been  In  the  thermostat  for  an  hour.  The  strains  are  considered  to 
fairly  toxigenic  If  the  filtrate  from  their  cultures  dissolve  rabbit 
-•ythrocytes  In  a  dilution  of  1:200  or  higher. 

To  determine  the  skin  necrosis  effect,  0.2  mi  of  filtrate  Is  given 
to  rabbits  subcutaneously  In  different  dilutions.  A  toxin  of  medium 
strength  causes  the  formation  of  necrosis  In  a  dilution  of  1:500. 

To  determine  the  lethal  dose  of  staphylococcus  toxin,  1.  5  mi  of 
the  toxin  Is  injected  Intravenously  into  a  rabbit  with  a  body  weight  of 
2  kg.  Observation  time  -  24  hours.  In  the  overwhelming  majority  of  cases 
the  rabbit  dies  within  15  minutes  after  the  Injection.  A  toxin  with  medl- 
urn  strength  kills  a  rabbit  In  a  dose  of  0.75  mi  per  1  kg  of  body  weight. 

For  the  Isolation  and  identification  of  the  staphylococci  which 
cause  food  poisoning,  see  p.  577  . 
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GAS  GANGRENE 

K.  I.  Matveyev,  Professor,  and  B.  0.  Bychenko,  Candidate  of  Medical 
Sciences 

Gas  gangrene  Is  a  disease  which  usually  appears  as  a  result  of 
deeply  penetrating  wounds  In  the  muscles  and  other  tissues  under  condi¬ 
tions,  when  the  wounds  are  easily  contaminated  with  aneroblc  pathogenic 
organisms  stensnlng  from  environmental  objects  such  as  soil  particles, 
clothes,  etc. ,  In  the  absence  of  modem  surgical  treatment  Involving 
the  administration  of  antibiotics  and  chemotherapeutic  substances.  Typi¬ 
cal  for  this  disease  are  a  rapidly  spreading  edema  of  the  soft  tissues 
and  necrosis  In  them.  Cases  of  gas  gangrene  were  frequently  encountered 
In  wartime.  In  times  of  peace,  they  usually  occur  In  connection  with 
worcar  accidents,  severe  Industrial  and  agricultural  accidental  In¬ 
juries  and  also  cases  of  abortus  among  women  which  have  not  been  hospi¬ 
talized.  Gas  gangrene  Is  found  as  a  complication  after  operations  on 
the  gastro-lntestlnal  tract  and  after  subcutaneous  or  Intramuscular  In¬ 
jection  of  various  remedies. 

The  presence  of  pathogenic  anaerobic  bacteria  In  a  wound  does  not 
always  lead  to  the  development  of  gas  gangrene  In  the  victim  because 
the  microbes  responsible  for  gas  gangrene  have  been  detected  In  18-40# 
of  cases  of  combat  Injuries,  while  diseases  resulting  from  them  were  re¬ 
corded  only  In  0. 3-1-9#  of  cases. 

The  classical  pattern  of  gas  gangrene  with  symptoms  of  myonecrosis, 
edema  of  the  tissues,  vigorous  gas  formation  In  them  and  also  general 
Intoxication  and  hemolytic  anemia  Is  caused  mainly  by  Cl.  perfrlngens 
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of  type  A.  The  possibility  that  other  types  of  Cl.  perfrlngens  (B,  C,  D, 
E,  and  F)  are  capable  of  causing  gas  gangrene  in  humans,  cannot  be  ex¬ 
cluded,  however,  because  the  typical  clinical  pattern  of  this  disease 
can  be  easily  reproduced  In  laboratory  animals  by  means  of  cultures  of 
these  microbes,  producing  leclthlnase 

Normally,  gas  gangrene  Is  only  rarely  caused  by  any  single  species 
of  Clostridium.  In  this  disease,  different  microbial  associations  are 
most  often  Isolated  from  the  wounds.  Sometimes  these  are  formed  only  by 
pathogenic  Clostridia  (Cl.  butlrlcum.  Cl.  tertlum.  Cl.  blfermentans . 
etc. )  or  with  proteolytic  species  such  as  Cl.  sporo genes  or  Cl.  hlstoly- 
tlcum,  which  considerably  aggravates  the  course  of  the  infection.  Cases 
of  association  of  eu.aerobic  bacilli  with  streptococci,  staphylococci, 

E.  coll  and  other  aerobic  bacteria  are  frequent. 

Clostridium  Perfrlngens 
Morphology  of  Cl.  perfrlngens 

Cl.  perfrlngens  of  the  types  A,  B,  C,  JD,  E,  and  F  are  large,  gram¬ 
positive  bacilli  whi«.h  forms  a  capsule  (Fig.  103,  104).  They  are  devoid 
of  cilia,  immobile  and  form  central  or  subterminal  spores  under  certain 


Fig.  103.  Cl.  perfrlngens  A.  Two  week  old  culture  on  liver  agar.  l800x. 


Pig-  104.  Cl.  perfrlngens.  Smear  from  the  liver  of  a  guinea  pig,  which 
died  of  gas  gangrene.  A  capsule  surrounds  the  microbial  cell  In  the 
form  of  a  bright  band.  lOOOx. 


conditions  (Pig.  105).  the  cells  of  different  strains  can  be  distin¬ 
guished  by  their  thickness  and  length.  In  some  cases  they  are  short, 
thick  rods  (0.6- lp.  x  4 -8p.,  In  others,  long  fibers  with  acuminate  tips 
x  100-l4'5u). 

The  cells  In  6-8  hour  old  cultures  are  gram-positive,  well  stained 
■jy  methylene  blue  and  other  basic  dyes.  Old  cells  become  gram-negative. 
They  do  not  absorb  methylene  blue  but  can  be  stained  with  fuchsln. 
Biology  of  Cl.  perfrlngens;  culture  properties 

In  liquid  nutrient  media,  prepared  from  meat  or  casein  hydrolysates 
(pH  =  7*4)  at  37-43* ,  Cl.  perfrlngens  of  all  types  grows  rapidly  (3-8 
hours)  with  vigorous  gas  evolution  and  an  alteration  of  the  pH  of  the 
medium  in  the  direction  of  lower  values.  A  mixture  of  gases  (hydrogen, 
carbon  dioxide,  ammonia,  hydrogen  sulfide,  volatile  amines,  aldehydes 
and  ketones)  is  evolved  from  large  volumes  of  growing  culture  and  an  ex¬ 
plosion  can  occur  in  presence  of  a  flame. 

Cl.  perfrlngens  is  capable  of  forming  spores  on  alkaline  media, 
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Fig.  105.  Spores  of  Cl.  perfrlngens  F.  Oval  bright  formations  at  the 
end  of  long  thick  rods.  Six  day  old  culture  In  meat  broth.  1900x. 

rich  In  protein  and  free  of  fermentable  carbohydrates. 

Three  stable  variants  of  Cl.  per fringe ns  colonies  exist:  smooth  (S), 
mucilaginous  (M)  and  rough  (R),  but  under  certain  conditions,  colonies 
of  the  mixed  variant  (0)  may  appear. 

The  smooth  forms  of  colony  on  the  surface  of  agar  resemble  delicate 
dewdrop3  during  their  Initial  growth  and  then  lose  their  transparency 
and  assume  a  grayish  or  white  appearance.  They  are  circular.  Juicy, 
dorae-3haped,  with  a  smooth,  shiny  surface  and  even  edges.  In  the  depth 
of  the  agar  In  thin  test  tubes,  the  smooth  forms  of  colony  have  the 
form  of  lenses  or  cotton  wool  clumps.  If  the  edge  of  the  colony  la  cre¬ 
nelated,  Its  shape  Is  cordlform.  Sometimes  several  colonies.  Intersect¬ 
ing  under  different  angles,  have  -aeroplane-llke",  "tricorn",  etc. 
shapes. 

The  smears  from  S- forms  of  these  colonies  contain  short  cells  with¬ 
out  capsules. 

The  mucilaginous  (M)  colonies  are  similar  to  the  smooth  ones  and 
differ  from  the  latter  by  the  greater  height  of  the  dome-shape  and  their 
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mucilaginous  consistency.  They  consist  of  cells  with  capsules,  which 
can  form  a  thick  slime  when  growing  on  liquid  media. 

The  rough  (R)  variants  on  solid  media  have  colonies  of  irregular 
shape  with  a  crenelated  "festoon- like'1  edge,  sometimes  with  outgrowths 
in  the  form  of  spines  and  an  uneven,  tuberous  surface.  In  the  depth  of 
the  agar  they  resemble  dense  cotton  wool  clumps.  Coarse,  long  cells  or 
chains  of  short  and  medium-long  elements  are  seen  in  the  smears  from 
these  colonies. 

Colonies  of  Cl.  perfrlngens,  growing  on  the  surface  of  blood  agar, 
are  often  surrounded  by  one  or  two  hemolysis  zones  and  assume  a  green¬ 
ish  color  when  kept  in  air  (Pig.  106). 

Around  the  colonies  which  have  produced  lecithlnase  toxin,  a  zone 
of  nacreous  precipitate  formson  the  surface  of  yolk  agar. 


Fig.  106.  Smooth  colonies  of  Cl.  perfrlngens  A  on  blood  agar,  surrounded 
by  a  hemolysis  zone.  Natural  size  (according  to  Ye.  A.  Qil'gut) 

Most  strains  of  Cl.  perfrlngens  are  only  moderately  proteolytic, 
liquifying  coagulated  serum  or  cooked  pieces  of  meat  slowly  (on  the 
2-7th  day).  Many  strains  produce  enzymes  which  liquify  gelatin  within 
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24  hours.  Typical  for  Cl.  perfrlngens  Is  Its  ability  to  coagulate  lit¬ 
mus  milk  with  formation  of  a  clot  of  brlokred  color  and  complete  clari¬ 
fication  of  the  milk  serum.  All  strains  ferment  glucose,  galactose, 
lactose,  levulose,  maltose  and  saccharose  with  formation  of  acid  and 
gas  and  do  not  ferment  mannitol  and  dulclte.  Some  strains  are  capable 
of  decomposing  glycerol  and  lnulln. 

Formation  of  Toxins 

Hie  subdivision  of  Cl.  perfrlngens  Into  6  types  Is  based  on  the  ca¬ 
pacity  of  these  microorganisms  to  produce  lethal  and  nerotlc  toxins 
v.nich  differ  In  their  antigen  properties  (Table  68). 

Most  of  these  substances  are  secreted  Into  the  ambient  medium  dur¬ 
ing  the  growth  process  of  the  microorganisms  and  are  not  retained  in 
the  cells,  while  some  of  them  are  elaborated  in  the  form  of  inactive 
protoxlns  (epsilon  and  lota),  which  diffuse  slowly  through  the  cell 
walls  and  are  capable  of  being  transformed  into  powerful  toxins  by 
treatment  with  proteolytic  enzymes,  such  as  trypsin. 

Different  types  of  Cl.  perfrlngens  cause  certain  human  and  animal 
diseases  (Table  69). 

Cl.  perfrlngens  A,  which  produces  a  toxin  in  large  quantity,  is 
now  considered  to  be  the  principal  pathogenic  organism  of  gas  gangrene 
which  Is  responsible  for  70-80#  of  the  cases  of  this  disease.  During 
the  prior  wars  and  the  Second  World  War  (1939-1945),  the  type  of  the 
strains  of  Cl.  perfrlngens .  isolated  during  the  bacteriological  diagno¬ 
sis  of  gas  gangrene  from  wounds,  was  determined  by  means  of  the  thera¬ 
peutic  sera  of  type  A,  which  can  contain  normal  antitoxins  for  the  other 

type  of  this  microbe.  Type-specific  sera  were  not  used.  In  this  connec- 

* 

tlon,  the  role  of  Cl.  perfrlngens  B,  C,  D,  E,  and  F  in  the  etiology  of 
gas  gangrene  remained  indeterminate. 

Under  experimental  conditions,  the  strains  of  Cl.  perfrlngens  of 
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TABLE  68 

Types  of  Cl.  perfrlngens 
Symbols : 

+++  principal  lethal  and  necrotic  toxin,  produced  by  all  strains  of  the 
given  type 

++  toxin,  produced  by  many  strains 

+  toxin  or  enzyme,  produced  In  small  quantities  by  all  strains 
±  toxin  or  enzyme,  produced  by  Individual  strains 


Serial 

Number 

Name  of 
toxins  and 

enzymes 

Activity  of  the 
the  toxins 
and  enzymes 

A 

Type  of  Cl. 

B  C 

perfrlnKens 

D  E 

P 

1 

Alpha 

Leclthlnase  C, 
lethal,  necrotic, 
hemolytic  factor 

+++ 

± 

± 

± 

± 

± 

2 

Beta 

8 

Lethal,  necrotic 
factor 

- 

-H-t 

+++ 

- 

- 

+++ 

3 

flfttmua 

y 

Lethal  factor 
(minor) 

- 

t 

± 

- 

- 

± 

4 

Delta 

8 

Hemolytic  lethal 
factor 

- 

++ 

- 

+++ 

- 

- 

5 

Epsilon 

c 

Lethal,  necrotic 
pro toxin,  acti- 
vated  by  trypsin 

-* 

++ 

— 

+++ 

— 

- 

6 

Eta 

n 

Lethal  (doubt¬ 
ful) 

±? 

- 

- 

- 

- 

- 

7 

Theta 

9 

Hemolytic,  oxy¬ 
gen-labile  fac¬ 
tor,  whose  act¬ 
ivity  Is  re¬ 
stored  In  pres¬ 
ence  of  sodium 
thiosulfate"  or 
l-cysteine 

±± 

± 

± 

t 

± 

8 

Iota 

i 

Lethal,  necrotic 
pro toxin,  acti¬ 
vated  by  trypsin 

“ 

— 

■M 

— 

+++ 

— 

9 

Kappa 

1C 

Collage nase 
(suiting  on  pro- 

++ 

++ 

+ 

+ 

- 
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10  Lambda 
x 


11  Mu 

u 

12  Nu 

v 


collagen  and 
gelatin), 
lethal  necrotic 
factor 

Gelatinase, 
acting  on  de¬ 
natured  collag¬ 
en  and  gelatin 

fiyaluronldase 

Desoxyribonu- 

cleaae. 


-  t  - 

+  +  - 

+  +  + 


±  ♦ 

±  - 

+  +  + 


'.■ABLE  69 

Diseases,  Caused  by  Cl.  perfrlngens  of  the  Types  A,  B,  C,  D,  E,  and  F 


Type  of  microbe  Name  of  disease 

A  Oas  gangrene  of  humans  and  animals, 

toxic  food  Infections,  pernicious 
anemia  (?),  chicken  emphysema  (?) 

B  Dysentery  of  lambs,  young  goats,  foals, 

farrows,  enterotoxemla  of  sheep  and 
goats 

C  Hemorrhagic  enterotoxemla  ( "Struck")  of 

sheep,  goats,  farrows,  calves 

D  Infectious  enterotoxemla  of  humans,  sheep 

goats,  rabbits,  calves,  "grass  disease" 
of  horses 

E  Enterotoxemla  of  lambs  and  calves 

F  Necrotic  enteritis  of  humans. 


any  type,  which  produces  a  sufficient  quantity  of  lecithinase  a  toxin), 
causes  gas  gangrene  In  laboratory  animals. 

The  capacity  for  producing  this  toxin  determines  the  role  of  the 
microbe  In  this  Infection.  Cl.  perfrlngens  of  the  types  B,  C  and  F, 
which  produce  the  lethal  and  necrotic  P  toxin,  cause  diseases,  whose 
pattern  of  pathoanatomlcal  alterations  In  the  organs  of  humans  and  ani¬ 
mals  are  similar.  The  most  typical  synptom  of  these  alterations  Is  a 
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hemorrhagic  Inflammation  of  the  Intestine  mucosa,  sometimes  accompanied 
by  ulceration  and  perforation  of  the  walls  of  the  small  Intestine.  0 
toxin  (up  to  20-40  Dm  for  white  mice)  can  be  detected  In  these  cases 
In  the  Intestinal  contents  and  the  peritoneal  fluid. 

In  cases  of  enterotoxemlas  caused  by  type  D  or  E,  the  Inflamma¬ 
tion  changes  In  the  Intestinal  muoosa  are  never  so  pronounced  In  con¬ 
sequence  of  the  fact  that  the  necrotic  properties  of  the  lethal  e  and  i 
toxins  are  weaker  than  those  of  the  0  toxin.  Intestinal  Infections, 
caused  by  Cl.  perfrlngena  of  different  types,  are  often  accompanied  by 
pulmonary  edema  and  blood  extravasations  In  various  Internal  organs. 

Hie  toxic  factor  of  Cl.  perfrlngena  of  type  A,  which  Is  mainly  re¬ 
sponsible  for  the  development  of  toxic  food  Infections  has  not  yet 
been  discovered.  Hie  strains  of  type  A,  Isolated  from  the  products  and 
excretions  In  cases  of  human  food  poisoning,  are  capable  of  forming 
heatreslstant  spores,  produce  small  quantities  of  leclthlnase  and  In 
most  cases  do  not  produce  0  hemolysin. 
eslstance  to  physical  and  chemical  factors 

Hie  toxins  of  Cl.  perfrlngena  are  relatively  quickly  (in  a  few 
hours)  destroyed  under  the  Influence  of  various  ambient  factors.  Hie 
greatest  stability  Is  possessed  by  the  prototoxins  (e  and  i  which  can 
even  withstand  brief  boiling  (up  to  30  minutes  -  1  hour). 

Hie  toxins  can  retain  their  activity  In  the  Intestinal  contents 
of  cadavers  for  several  hours  and  sometimes  even  days.  Then  they  are 
decomposed  or  adsorbed  on  particles  of  the  medium  and  the  tissue. 

Hie  resistance  of  Cl.  perfrlngena  to  the  effect  of  various  physi¬ 
cal  and  chemical  factors  under  otherwise  equal  conditions  depends  on 
the  Individual  properties  of  the  strain. 

Hie  vegetative  forms  of  these  microbes  are  normally  quickly  killed 
by  the  action  of  atmospheric  oxygen,  sunlight,  high  temperature,  acids, 
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alkalis,  alcohols,  disinfectant  liquids  and  antibiotics,  which  act  on 
the  gram-positive  flora.  The  spores  of  Cl.  perfrlngens  of  the  types  B, 

C,  D  and  E  are  usually  killed  by  15~30  minutes  boiling.  Individual 
strains  of  type  A  and  most  strains  of  type  7,  however,  form  thermally 
stable  spores  which  can  withstand  boiling  or  autoclaving  for  1  to  6 
hours.  Such  spores  can  get  Into  raw  material  used  for  the  preparation 
of  various  food  products  (Including  canned  goods)  from  the  environment 
and  are  capable  of  withstanding  prolonged  heating.  Under  certain  condi¬ 
tions,  viable  spores  can  germinate.  The  cells  of  Cl.  perfrlngens , 
which  proliferate  rapidly  In  the  food  product,  when  they  enter  the 
small  Intestine  with  the  food,  where  they  continue  to  proliferate  at  a 
tremendous  rate,  produce  toxins  and  other  active  substances,  which,  by 
injuring  the  mucosa,  interfere  with  its  normal  secretory-re sorptive 
function  and  get  into  the  blood.  In  some  cases  of  toxic  infections, 
caused  by  type  A,  septicemia  Is  possible.  In  these  cases,  the  microbes, 
which  have  penetrated  the  intestinal  wall  and  entered  the  blood  and 
the  organs,  proliferate  rapidly,  which  Is  fatal  to  the  patient. 
Clostridium  0edematlen3 
Morphology  of  Cl.  oedematlens 

Cl.  oedematlens  is  a  large,  straight  or  slightly  curved  gram-posi¬ 
tive  bacillus  with  a  length  of  4-lOp.  and  a  width  of  lp.,  which  is  strict¬ 
ly  anaerobic,  forms  large  elliptical  subterminal  spores.  Is  mobile,  pe¬ 
ri  trichate  and  has  up  to  20-25  cilia  (Pig.  107). 

Biology  of  Cl.  cedematlens;  culture  properties 

4  types  of  Cl.  oedematlens  (A,  B,  C,  and  D)  are  distinguished. 
Certain  strains,  when  growing  on  the  surface  of  solid  media  in  the  an- 
aerostat,  form  round,  juicy  semitransparent,  grayish  colonies,  some¬ 
times  with  slightly  grainy  surface  and  a  serrated  edge,  with  a  diameter 
of  up  to  3-4  ran  within  only  48  hours  of  incubation  (Pig.  108).  Colonies 
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Fig.  107.  Day-old  culture  of  Cl.  oedeaatlena  In  neat  broth.  Stained  by 
the  method  of  M.  A.  Morozov.  TCoOx. 


Pig.  108.  Colonies  of  J2JL.  oedeaatlena  A.  Two- day  old  culture  on  liver 
agar.  32x.  "" 

of  the  strains  of  type  A  and  B  often  have  a  tendency  to  creeping 
growth  and  formation  of  daughter  colonies.  The  colonies  of  the  strains 
of  type  D  are  usually  very  snail,  resembling  dew  drops. 

The  strains  of  type  B  and  D  have  the  least  ability  of  developing 
on  the  surface  of  agar.  On  agar  containing  horse  erythrocytes,  colonies 
of  these  types,  which  produce  B  hemolysin,  are  surrounded  by  a  hemolysis 
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zone  which  appears  around  colonies  of  type  D  after  only  24  hours  and 
Is  not  present  around  colonies  of  type  C. 

Colonies  of  type  A  and  B  growing  on  blood  agar  containing  benzi¬ 
dine  as  a  result  of  the  presence  of  hydrogen  peroxide  become  black 
when  they  are  exposed  to  the  air  for  30-60  minutes. 

In  the  depth  of  glucose  agar,  colonies  of  Cl.  oedematlens  may  re¬ 
semble  biconcave  lenses,  lumps  of  cotton  wool,  snow  flakes,  etc.  They 
often  have  a  compact  yellowish  or  brownish  center,  surrounded  by  a  co¬ 
rona  of  entangled  threads.  They  break  through  the  agar  surface  within 
36-48  hours  of  the  Inoculation.  48  hours  are  often  needed  to  obtain  an 
Intensive  growth  In  a  culture  of  Cl.  oedematlens  on  liquid  media.  Dur¬ 
ing  the  process  of  growth  of  Cl.  oedematlens  in  liquid  media,  the  £H 
of  the  medium  becomes  more  acid,  lactic,  succinic,  butyric  and  acetic 
acid  and  hydrogen  sulfide  being  formed  (particularly  in  cultures  of 
type  D). 

The  typ^s  A,  B  a ug.  C  do  not  produce  indole,  while  type  D  produces 
it  In  large  quantities.  Cl.  oedematlens  of  types  A,  B  and  C  ferment 
glucose,  fructose  and  maltose,  type  D  only  glucose. 

All  types  liquify  gelatin  but  do  not  modify  coagulated  egg  white. 
Formation  of  toxins 

Every  type  of  Cl.  oedematlens  has  the  capacity  of  producing  cer¬ 
tain  soluble  antigens  (toxins  and  enzymes). 

The  strains  of  the  first  two  types  which  cause  gas  gangrane,  pro¬ 
duce  lethal  and  necrotic  o  toxin,  which  Is  a  powerful  capillary  poison 
and  Interferes  with  the  permeability  of  the  blood  vessel  walls,  leading 
to  an  Intensification  of  the  exudation  of  fluid  and  protein.  Some 
strains  of  type  B  produce  this  toxin  in  a  quantity  of  up  to  100,000  DLM 
(for  white  mice). 
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TABUS  70 


Types  of  Cl.  oedematlens  and  the  Soluble  Antigens  Produced  by  Them 


Name  of 
antigen 

Activity 

A 

Cl.  novyl 

Trees  of  Cl.  oedematlens 

BCD 

Cl.  bub a-  Cl.  haemo 
Bac.  glgas  lorum  lytlcum 

Alpha 

a 

Thermally  la¬ 
bile,  lethal, 
necrotic,  ca¬ 
pillary  poison 

+ 

+  - 

Beta 

a 

Necrotic,  hem¬ 
olytic,  lethal, 
leclthlnass  C 

Ml 

+  - 

+ 

Ganna 

Y 

Necrotic,  hem¬ 
olytic  leci- 
thlnase 

+ 

+  (?) 

' 

Delta 

s 

Oxygen- labile 
hemolysin 

+ 

—  — 

- 

Epsilon 

c 

Lipase,  caus¬ 
ing  opales¬ 
cence  of  hen's 
egg  yolk  solu¬ 
tions 

+ 

Zeta 

r 

Hemolysin 

? 

+  - 

- 

s 

Eta 

n 

Tropomyosin- 

ase 

— 

+  - 

+ 

Theta 

e 

Enzyme  causing 
opalescence  of 
solutions  of 
hen's  egg  yolk 

? 

Traces 

+ 

Diseases 

caused  by  It 

Gas  gan¬ 
grene 

Gas  gan-  Chroni c 

grene,  osteomye- 

"black  dls-  litis  of 
ease”  of  buffalo 

humans  and 
herbivor¬ 
ous  animals 

Bacillary 
hemoglo¬ 
binuria  of 
calves. 

The  £  and  y  toxins  belong  among  the  hot-cold  hemolysins.  They 


cause  hemolysis  only  when  the  erythrocytes  treated  with  the  toxin  at 
37°  are  then  kept  at  low  temperature  (4°)  for  1-2  hours;  the  P  hemo- 
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lysin  Is  produced  only  by  strains  of  the  types  B  and  D,  In  larger  quan¬ 
tity  by  the  latter.  This  enzyme  causes  strong  hemolysis  of  mouse  and 
also  erythrocytes  of  horses  and  sheep. 

y  hemolysin  Is  produced  only  by  the  strains  of  type  A  and  Is 
more  potent  with  respect  to  erythrocytes  of  horses  than  those  of  sheep. 
The  other  soluble  agents  apparently  play  only  a  secondary  part  In  the 
pathological  processes,  caused  by  Cl.  oedematlens  (Table  70). 
Pathogenicity 

Under  natural  conditions.  Cl.  oedematlens  Is  found  In  the  soli 
(In  30-50#  of  Investigated  sanples),  In  the  excretions  of  humans  and 
animals,  the  water  of  lakes  and  rivers,  etc.  They  can  be  isolated 
fairly  frequently  from  wounds  (from  5  to  50#  of  cases  of  all  isolated 
anaerobes);  they  are  responsible  for  a  considerable  proportion  of  the 
fatal  issues  in  gas  gangrene.  They  are  normally  encountered  in  associa¬ 
tion  with  Cl.  perfrlngens .  Cl.  sporo genes  and  other  microbes.  Qas  gan¬ 
grene,  caused  only  by  Cl.  oedematlens ,  is  very  rare.  It  has  a  longer 
incubation  period  (5-6  days)  than  the  infections  caused  by  Cl.  per- 
frlngens  (from  some  hours  to  1-2  days).  Typical  symptoms  of  the  dis¬ 
ease  are;  a  gelatinous  edema,  copious  secretion  of  Berous  fluid  from 
the  wounds  (sometimes  several  liters  a  day),  the  absence  of  gas  bub¬ 
bles  In  the  tissues  and  the  absence  of  a  putrid  odor. 

Only  types  A  and  B  are  capable  of  causing  gas  gangrene  in  humans. 
The  bacteria  of  both  these  types  are  highly  virulent  for  laboratory 
animals. 


When  toxic  culture  fluids  are  given  subcutaneously  or  intramuscu¬ 
larly  to  guinea  pigB  or  rabbits  under  experimental  conditions,  pat¬ 
terns  of  alterations  reminiscent  of  those  in  humans  are  easily  repro¬ 
duced  in  animal  tissues. 

When  mice  are  injected  subcutaneously  with  a  -toxin  they  die  within 
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24-48  hours.  Weakly  virulent  cultures  are  preferably  Injected  Into  anl 
mala  intramuscularly  with  2.5%  calcium  chloride  solution.  The  strains 
used  for  the  Infection  can  be  Isolated  from  the  edematic  fluid  and 
blood  from  the  heart  of  the  dead  animals.  The  antitoxic  serum  against 
a  toxin  protects  against  the  disease. 

Cl.  oedematiens  of  type  C  Is  nonpathogenlc  when  given  to  labora¬ 
tory  animals  subcutaneously,  while  a  24  hour  old  culture  of  Cl.  oedama- 
tlens  of  type  D,  when  Injected  subcutaneously,  causes  the  death  of 
guinea  pigs,  rabbits  and  mice  within  24-48  hours  with  symptoms  of 
slight  subcutaneous  hemorrhage  and  hemoglobinuria.  The  latter  Is  most 
easily  reproduced  In  rabbits  and  mice.  The  Initial  strain  can  be  Iso¬ 
lated  from  the  blood  of  the  heart  and  spleen. 

Resistance  to  physical  and  chemical  factors 

All  types  of  Cl.  oedematiens  are  highly  sensitive  to  oxygen. 

Hence,  colonies  of  CJ..  oedematiens .  which  have  grown  on  the  surface  of 
a  medium,  should  be  exposed  to  air  as  little  as  possible,  otherwise 
ill  the  cells  may  die  quickly.  The  spores  of  Cl.  oedematlenB  are  fair¬ 
ly  resistant  to  all  environmental  factors.  They  can  even  withstand 
boiling  (up  to  1-2  hours).  The  spores  of  type  D  remain  viable  In  the 
bones  of  dead  animals  for  up  to  7*8  years. 

The  zonal  distribution  of  Cl.  oedematiens  In  the  soil  has  not 
been  Investigated.  However,  there  Is  a  definite  connection  between  the 
frequency  of  black  disease  of  sheep  (type  6)  and  of  bacillar  hemoglo¬ 
binuria  of  calves  (type  D)  and  the  pasture  regions  where  the  animals 
are  kept.  Cases  of  transfer  of  bacillary  hemoglobinuria  from  one  re¬ 
gion  to  another  are  known  to  have  occurred,  when  sick  calves  or  bacil¬ 
lus  carriers  were  transported. 


922  - 


Clostridium  Septlcum 
Morphology  of  Cl.  septlcum 

Polymorphous  gram-positive  mobile  bacillus  with  a  length  of  4-5m> 
and  a  width  of  0. 8p.  with  subterminal  elllpltlcal  spores  (Fig.  109).  De¬ 
pending  on  the  strain  and  the  medium,  It  can  be  transformed  Into  short, 
distended  shapes  or  long  threads.  Ihe  latter  are  often  detected  In  the 
cadavers  of  animals  which  have  died  of  bradzot,  on  the  surface  of  the 
liver  adjacent  to  the  diaphragm  (Fig.  110). 


Fig.  109.  18  hour  old  culture  of  Cl.  septlcum  In  meat  broth.  1900x. 


Biology  of  Cl.  septlcum;  culture  properties 

Strictly  anaerobic  organism.  On  the  surface  of  solid  nutrient 
media  It  has  a  tendency  to  form  shiny,  semitransparent  colonies  with 
a  diameter  of  up  to  4  mm. with  uneven  fringed  edges  within  48  hours  of 
Incubation  and  has  a  tendency  to  creeping  growth  (Fig.  111).  The  In¬ 
form  of  colony  Is  the  most  frequent. 

In  the  depth  of  l£  agar  It  forms  colonies  with  a  diameter  of 
1-2  mm  with  thickened  center  and  radially  outgoing  entangled  threads. 

In  2%  agar,  the  colonies  assume  a  lentil  or  heart  shape,  etc.,  sometimes 
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fig.  110.  Cl.  septlcum  In  the  liver  of  a  guinea  pig,  which  has  died 

with  protuberances.  On  blood  agar,  a 
narrow  hemolysis  zone  appears  around 
the  colonies  but  not  inmediately,  usual¬ 
ly  on  the  second  day. 

It  ferments  glucose,  maltose,  and 
lactose  and  does  not  break  down  glycer¬ 
ol,  saccharose  and  mannitol,  liquifies 
gelatin  and  coagulates  litmus  milk  with 
formation  of  acid  and  gas.  It  does  not 
digest  coagulated  serum  and  egg  white, 
does  not  form  Indole,  does  not  reduce 
nitrates  and  nitrites  and  does  not  pro¬ 
duce  large  quantities  of  hydrogen  sul¬ 
fide. 


from  gas  gangrene.  lfcSOOx. 


Fig.  111.  Incipient  de¬ 
velopment  of  colonies  of 
Cl.  septlcum  on  liver 
agar  10  hours  after  in¬ 
oculation.  64  x. 


Formation  of  toxins 

Cl.  septlcum  produces  at  least  three  soluble  antigens;  the  a 
toxin  (lethal,  necrotic,  hemolytic,  oxygen- stable),  the  p  antigen 
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(deoxyribonuclease)  and  6  toxin  (oxygen- labile  hemolysin). 

Hie  first  toxin,  when  given  to  mice  Intravenously,  depending  on 
the  dose,  causes  fairly  rapid  death  of  the  animal*  with  symptoms  of 
convulsions  and  paralysis.  Its  effect  on  the  heart  is  reminiscent  of 
the  effect  of  digitalis.  Pointlike  hemorrhages  are  found  upon  autopsy 
In  the  endocardium  and  eplcardlum  and  the  different  parenchymatous  or¬ 
gans.  It  Is  capable  of  hemolyslng  sheep  erythrocytes  under  condition 
that  contact  with  the  erythrocytes  lasts  at  least  5-60  minutes  and 
that  saccharose  Is  not  present  In  the  solution.  The  other  antigens  do 
not  play  an  important  part  In  the  development  of  the  pathological  proc¬ 
esses.  Cl.  septlcum  is  serologically  closely  related  to  Cl.  chauvoel 
(Cl.  feseri)  which  entitles  us  to  regard  these  Clostridia  as  belonging 
to  the  same  species.  Cl.  septlcum  causes  gas  gangrene  In  humans  and 
various  animals  and  also  bradzot  of  sheep. 

Pathogenicity 

Hie  cases  of  gas  gangrene,  produced  by  these  microbes,  have  an  In¬ 
cubation  period  of  2-3  days.  The  quantity  of  Beroua  exudate  from  the 
wounds  is  considerably  less  than  in  the  case  of  infection  with  Cl.  oed- 
ematlena.  The  gas  formation  in  the  tissues  is  not  very  intense,  and 
the  putrid  odor  is  absent  if  proteolytic  Clostridia  do  not  participate 
in  the  infection. 

Following  intramuscular  injection  of  1  mi  of  a  fresh  24-48  hour 
old  culture  of  Cl.  septlcum.  obtained  on  a  medium  of  meat  or  casein 
hydrolysate.  Into  the  leg  of  a  guinea  pig.  Intense  edema  of  the  tis¬ 
sues  develops  at  the  injection  site  after  some  hours,  and  the  animal 
dies  within  24-48  hours. 

Severe  edema,  extending  from  the  injection  site  to  the  entire  an¬ 
terior  part  of  the  abdomen.  Is  observed  upon  autopsy.  Hie  tissue  has  a 
red  color  and  a  bloody,  foaming  fluid  can  be  pressed  out  from  it.  Hie 
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muscles  are  not  liquified.  Hie  Initial  strain  can  be  easily  isolated 
from  the  blood  of  the  heart  and  liver,  where  the  proliferation  foci 
are  normally  located. 

Cl.  septlcum  Is  very  widespread  In  nature.  This  microorganism  can 
be  Isolated  from  8-21#  of  all  investigated  soil  samples.  Hie  zonal  dis- 
trlbutlon  has  not  been  sufficiently  Investigated,  although  data  exist. 
Indicating  that  cases  of  gas  gangrene  and  bradzot  disease  of  sheep  are 
found  most  frequently  in  places  where  contamination  of  the  soil  with 
spores  of  Cl.  septlcum  had  been  particularly  severe. 

Resistance  to  Physical  and  Chemical  factors 

Hie  vegetative  forms  of  Cl.  septlcum  are  fairly  sensitive  to  oxy¬ 
gen,  hence  lit  Is  recommended  not  to  leave  dishes  with  colonies  which 
have  grown  on  the  surface  of  agar,  in  contact  with  the  air  too  long 
during  reinoculation.  The  spores  of  Cl.  septlcum  are  resistant  to  the 
action  of  environmental  factors  and  can  even  withstand  boiling  for 
brief  periods.  This  organism  is  capable  of  vegetating  in  the  soil  for 
.everal  years. 

Clostridium  Hlstolytlcum 
Morphology  of  Cl.  hlstolytlcum 

Oram-positive  mobile  bacillus  with  a  length  of  3-8p.,  and  a  width 
of  0. 5-0. 8u, i forming  elliptical  subterminal  spores  (Fig.  112).  Peri- 
trlchate,  but  strains  are  found  in  nature  which  do  not  have  cilia. 
Biology  of  Cl.  hlstolytlcum;  culture  properties 

Amphlraicroblan.  Under  aerobic  growth  conditions  it  does  not  form 
spores  and  develops  poorly.  On  the  surface  of  blood  agar  it  grows  well 
under  anaerobic  conditions.  Within  24-48  hours,  the  colonies  attain  a 
diameter  of  0.5-1  mm,  they  are  semi  spherical,  transparur.t,  shiny,  with 
even  edge  and  a  narrow  hemolysis  zone  around  them  (Fig.  113).  Later  on, 
the  colonies  lose  their  transparency,  becoming  gray  or  white  with  un- 
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Pig.  113-  Colonies  of  Cl.  hlstolytlcum  on  blood  agar.  Within  3-^  days, 
grayish,  opaque  daughter  colonies  appear  within  the  colonies.  64x. 

even  edges.  Their  Is  no  tendency  to  compact  growth. 

In  the  depth  of  agar,  themobile  strains  often  form  flake-like  col¬ 
onies  with  contact  center.  The  Immobile  strains  form  lensshaped  colo¬ 
nies,  sometimes  with  protuberances. 

A  peculiarity  of  £3.  hlstolytlcum  Is  the  fact  that  this  microor¬ 


ganism  does  not  ferment  i  single  sugar,  but  Is  strongly  proteolytic. 


decomposing  gelatin  and  coagulated  blood  serum. 

Pieces  of  meat,  placed  into  liquid  nutrient  medium,  containing  a 
vigorously  growing  culture  of  Cl.  hlstolytlcum,  are  subjected  to  rapid 
proteolysis.  Although  hydrogen  sulfide  is  produced  in  large  quantities, 
indole  not  formed. 

Formation  of  toxins 

Cl.  hlstolytlcum  produces  several  soluble  antigens:  a  toxin  which 
is  lethal  and  causes  necrosis;  0  toxin,  which  is  a  collagenase,  decom¬ 
posing  azocoll  and  gelatin  and  kills  mice  when  injected  intravenously; 
Y  antigen,  a  proteinase,  which  is  activated  by  reducing  agents,  does 
not  decompose  native  collagen  but  acts  on  gelatin,  azocoll  and  casein; 

6  antigen,  an  ela3tase,  which  also  decomposes  azocoll  and  gelatin;  and 
the  e  toxin  which  is  an  oxygen-labile  hemolysin. 

Pathogenicity 

Cl.  hlstolytlcum  is  detected  in  the  soil,  human  and  animal  excre¬ 
ta,  etc.  It  is  isolated  from  wounds  in  1-18#  of  cases.  Infections 
aused  exclusively  by  this  microorganism  in  humans  are  extremely  rare 
(single  cases).  Only  the  strains  of  the  smooth  form  of  Cl.  hlstolytl¬ 
cum  are  pathogenic.  Gas  gangrene  in  humans  takes  a  severe  course  with 
symptoms  of  rapid  and  profound  liquefaction  of  soft  tissues  and  often 
with  fatal  issue. 

The  typical  pattern  of  tissue  modification,  caused  by  Cl.  hlstol¬ 
ytlcum  can  be  reproduced  when  0. 5  mi  of  a  fresh  culture  of  the  S-form 
of  this  microbe  prepared  on  meat  or  casein  hydrolysate  medium  Is  in¬ 
jected  intramuscularly  into  a  guinea  pig.  The  death  of  the  animal  oc¬ 
curs,  depending  on  the  virulence  of  the  strain  concerned,  within  a  pe¬ 
riod  of  several  hours  to  several  days. 

If  the  strain  produces  much  r:  toxin,  severe  tissue  alterations 
cannot  develop  at  the  injection  sate,  because  the  guinea  pig  may  die 
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within  a  few  hours.  Strains  of  medium  virulence  kill  the  animals  more 
slowly  with  symptoms  of  almost  complete  local  digestion  of  the  soft 
tissues  due  to  the  presence  of  proteolytic  enzymes.  Toxicosis  synptoms 
are  almost  cockle tely  absent. 

Resistance  to  physical  and  chemical  factors 

The  vegetative  forms  of  Cl.  hlstolytlcum  are  only  slightly  resist¬ 
ant  to  the  action  of  physical  and  chemical  factors.  The  spores  can 
withstand  brief  boiling  and  arc  capable  of  remaining  viable  In  the 
soil  for  several  years.  Tnelr  zonal  distribution  In  nature  has  not 
been  Investigated. 

Clostridium  Sporogenes 
Morphology  of  Cl.  sporo genes 

Gram-positive,  mobile  bacillus  with  a  length  of  3-6n  and  a  width 
of  0.5-0.8u,  which  easily  forms  elliptical,  subterminal  spores  which 
extend  the  cell. 

Biology  of  Cl.  3porogenes;  culture  properties 

Strictly  anaerobic;  on  the  surface  of  solid  nutrient  media  It 
forms  within  46  hours  shiny,  semitransparent,  whitish- gray  colonies 
with  a  diameter  of  3-5  mm  with  a  flat  surface  and  raised  center.  Hie 
edge  of  the  colonies  Is  smooth  or  festooned.  A  tendency  to  creeping 
growth  Is  sometimes  observed. 

On  blood  agar,  the  colonies  are  round  with  a  narrow  hemolysis 
zone.  In  the  depth  of  the  agar,  the  colonies  may  have  the  appearance 
of  flakes  with  dense  center  or  are  lensshaped,  sometimes  with  modified 
edges. 

On  a  medium  consisting  of  meat  or  casein  hydrolyzate.  Intense 
growth  can  be  observed  within  only  24  hours,  with  partial  digestion  of 
pieces  of  meat  on  the  bottom.  A  layer  of  fat  normally  accumulates  on 
the  surface  of  the  medium  and  the  cultures  have  a  putrid  odor  (skatole). 


It  ferments  glucose  and  maltose,  but  does  not  break  down  lactose 
and  saccharose.  Some  strains  can  ferment  sallcin.  It  decomposes  gela¬ 
tin  and  peptizes  milk,  sometimes  with  formation  of  a  clot.  It  liqui¬ 
fies  coagulated  blood  serum  and  egg  white,  does  not  form  indole. 

It  is  widely  disseminated  in  soils,  human  and  animal  excrements, 
taking  an  active  part  in  the  processes  of  putrescent  decomposition  of 
protein  substances  in  nature. 

It  can  often  be  detected  in  wounds  (approximately  in  half  the 
cases). 

Pathogenicity 

Some  strains  are  pathogenic  for  laboratory  animals.  When  a  guinea 
pig  is  injected  intramuscularly  with  0.1  mi  of  a  day  old  culture  of 
such  a  strain  obtained  from  meat  hydrolyzate  medium,  the  animal  dies 
within  1-2  days  with  symptoms  of  local  putrescent  decomposition  of  the 
muscle  tissue.  The  cultures  of  most  strains  of  Cl.  sporogenes  are  not 
pathogenic  for  laboratory  animals  and  can  cause  only  local  alterations 
hlch  heal  spontaneously. 

Cl.  sporogenes  strongly  increases  the  virulence  of  species  such 
as  Cl.  peri'rlnr.cns  and  Cl.  septlcum  in  mixed  cultures,  isolated  from 
gas  gangrene  cases.  The  zonal  distribution  in  nature  has  not  been  stud¬ 
ied. 

Resistance  to  physical  and  chemical  factors 

The  spores  of  Cl.  sporogenes  are  very  resistant  to  the  action  of 
various  factors.  The  spores  of  some  of  its  strains  can  withstand  boil¬ 
ing  for  15  minutes  to  6  hours. 

Clostridium  Sordelll 
r-Torpnology  of  Cl.  sordelli 

Gram-positive  bacillus  with  a  length  of  2-4p  and  a  width  of  0.6-lp 
(Fig.  11-d)  which  readily  forms  elliptical,  central  and  subterminal 
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Fig.  114.  Two  day  old  culture  of  Cl.  sordelll  on  liver  agar,  igoox. 

spores  on  normal  media.  Peritrichate,  mobile  In  fresh  cultures. 

Biology  of  Cl.  sordelll;  culture  properties 

Not  strictly  anaerobic.  On  the  surface  of  solid  nutrient  media  It 
forms  within  only  24-48  hours  slightly  convex  grayish-white  colonies 
with  Irregular  outlines  (Hg.  115).  On  blood  agar  (horse  erythrocytes) 
the  colonies  are  surrounded  by  a  narrow  hemolysis  zone.  On  agar  with 
cocoa  blood  the  colonies  are  surrounded  by  a  narrow  clear  zone  (owing 
to  proteolysis).  On  agar  containing  hen's  egg  yolk,  milk  and  lactose, 
a  zone  of  opalescence  appears  around  the  colonies.  This  phenomenon  can 
be  partly  or  completely  prevented  by  means  of  antitoxic  serum  active 
against  perfrlngens  of  type  A.  In  the  depth  of  the  agar,  the  colonies 
have  a  lens  or  heart  shape,  sometimes  with  outgrowths  at  the  edges.  In 
liquid  meat  nutrient  media,  Intense  growth  of  Cl.  sordelll  takes  place 
within  the  first  24  hows,  often  with  formation  of  slime. 

It  ferments  glucose  and  fructose  and  does  not  decompose  lactose 
and  saccharose.  It  liquifies  gelatin  and  coagulated  blood  serum  but 
more  slowly  than  Cl.  hlstolytlcum  and  Cl.  eporo genes  and  produces  hy¬ 
drogen  sulfide  and  Indole. 
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It  also  produces  leclthlnase  C,  which  has  certain  serological 
properties  In  common  with  the  leclthlnase  of  Cl.  perfrlngens,  although 
it  Is  less  active.  This  enzyme  hemolyses  mouse  erythrocytes  fairly  ef¬ 
ficiently,  rabbit  erythrocytes  somewhat  less  so  and  has  hardly  any  ef¬ 
fect  on  sheep  and  horse  erythrocytes. 


Formation  of  toxins 

According  to  one  point  of  view.  Cl.  sordelll  Is  a  virulent  form 
of  Cl.  bifermentans.  However,  Brookes  and  Ipsen  (1959)  do  not  agree 
with  thl3  opinion,  having  shown  by  their  researches,  that  these  are 
two  different  species  of  bacteria.  Their  data  are  considered  to  be 
correct  by  many  bacteriologists.  The  virulent  strains  secrete  a  highly 
potent  lethal  toxin,  similar  in  properties  to  the  a  toxin  of  Cl.  oede- 
matlens.  A  specific  antitoxic  serum  against  it  can  be  easily  prepared. 
Pathogenicity 

Used  experimentally  on  animals,  it  can  cause  a  disease  similar  to 
gas  gangrene  with  subcutaneous  gelatinous  edema,  sometimes  having  a 
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rose-red  color.  Blood  extravasations  and  gas  bubbles  are  observed  In 
the  lnouclated  muscle.  Some  strains  can  cause  local  liquifaction  of 
the  muscle  tissue  similar  to  the  weakly  virulent  strains  of  Cl.  hlsto- 
lytlcum. 

The  death  of  the  animals  usually  occurs  In  consequence  of  the  le¬ 
thal  toxin  within  1-2  days  after  Injection  of  the  culture. 

Cases  of  fatal  Intestinal  disease  of  cattle  have  been  described, 
cauj  ed  by  Cl.  sordelll.  Cases  of  food  poisoning  In  humans,  caused  by 
Cl.  sordelll ,  have  also  been  observed. 

Reslstar.'  -  sc  physical  and  chemical  factors 

.r.ie  spores  of  Cl.  sordelll  are  resistant  to  different  environ¬ 
mental  factors.  They  are  able  to  survive  In  the  soil  for  long  periods. 
Clostridium  Fallax 
Morphology  of  Cl.  fallax 

Gram-positive,  straight,  sometimes  encapsulated  bacillus  with  a 
length  of  2-5M-  and  a  width  of  0.5m-  with  rounded  ends,  rarely  forming 
elliptical  central  or  subtennlnal  spores.  Peritrichate,  mobile  in 
young  cultures. 

Biology  of  Cl.  fallax;  culture  properties 

Strictly  anaerobic.  On  the  surface  of  agar  it  forms  after  only 
24-48  hours  of  Incubation  at  37°  flat,  transparent  colonies  with  ir¬ 
regular  periphery  (diameter  1.5-2  ram)  which  then  become  opaque,  with  a 
raised  center. 

On  agar  with  horse  blood,  the  colonies  are  surrounded  by  a  narrow 
hemolysis  zone.  In  the  depth  of  agar,  the  colonies  resemble  small  len¬ 
ses,  sometimes  with  outgrowths  at  the  edges.  It  ferments  glucose,  mal¬ 
tose,  lactose,  saccharose,  mannitol  and  salicin,  does  not  break  down 
starch  and  glycerol,  does  not  liquify  gelatin,  coagulated  blood  serum 
or  egg  white.  It  curdles  milk  with  formation  of  acid.  It  does  not  form 
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iiydrogen  sulfide  or  Indole  and  does  not  reduce  nitrates  to  nitrites. 

It  13  Isolated  from  wounds  In  1-4$  of  cases. 

Pathogenicity 

Fresh  cultures  Isolated  from  wounds  are  pathogenic  In  the  first 
generations  for  mice  and  guinea  pigs.  The  virulence  of  these  strains  Is 
lost  quickly  In  the  course  of  several  passages  through  artificial  med- 
dia.  Virulent  cultures  In  a  dose  of  1-2  mi  can  kill  guinea  pigs  (in 
the  course  of  a  week)  with  symptoms  of  hemorrhagic  alterations  In  the 
Injected  muscle  and  with  a  gelatinous  edema.  It  Is  possible  to  Isolate 
the  original  strain  from  the  blood  of  the  heart  and  the  site  of  Injec¬ 
tion  of  the  culture  of  the  dead  animal.  Bacteremia  usually  begins 
shortly  before  death.  It  obviously  produces  a  lethal  toxin,  to  which 
antibodies  have  not  yet  been  produced. 

These  microorganisms  are  evidently  widely  distributed  In  nature. 
They  have  been  detected  In  cases  of  appendicitis,  wounds,  chronic  ar¬ 
thritis  of  humans  and  In  cattle  gangrene. 

The  zonal  distribution  has  not  been  studied. 

The  vegetative  foras  and  the  spores  are  killed  by  brief  boiling. 

Among  the  other  Clostridia  which  are  relatively  often  Isolated 
from  wounds,  we  must  mention  Cl.  tertlum.  Cl.  tetanomorphum .  and  Cl. 
cochlearlum,  which  are  not  pathogenic  for  laboratory  animals  but  can 
nevertheless  exert  some  Influence  on  the  course  of  gas  gangrene,  when 
they  are  associated  with  pathogenic  Clostridia. 
laboratory  Diagnosis  of  Gas  Gangrene 

In  view  of  the  fact  that  pathogenic  Clostridia  are  widely  distrib¬ 
uted  in  our  environment  (particularly  Cl.  perfrlngens )  their  isolation 
rrora  wounds  In  itself  is  not  of  particular  diagnostical  significance, 
because  their  presence  In  a  contaminated  wound  does  not  necessarily  in¬ 
dicate  the  development  of  gas  gangrene. 
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It  la  also  necessary  to  take  Into  account  the  fact  that  the  incu¬ 
bation  period  of  gas  gangrene  Is  usually  a  few  hours  to  2-5  days,  1.  e. , 
the  time,  required  for  completing  a  fairly  complex  bacteriological 
analysis.  Hence,  the  tests  for  pathogenic  anaerobic  bacteria  need  not 
be  carried  out  In  all  cases  of  wounds  but  only  In  presence  of  certain 
clinical  Indications.  Purpose  of  the  bacteriological  diagnosis  In  this 
case  Is  the  confirmation  of  the  clinical  diagnosis  of  gas  gangrene. 

The  results  of  the  bacteriological  diagnosis  can  be  of  great  Im¬ 
portance  for  the  timely  selection  of  remedies  for  the  antitoxic  ther¬ 
apy,  and  also  for  treatment  with  antibiotics  and  chemotherapeutic  re¬ 
medies. 

Materials  for  the  testj  selection  of  specimens 

Exudate,  pieces  of  altered  tissue  from  the  wound  of  the  patient 
and  also  blood  from  a  vein  (5-10  mi)  Is  taken  for  the  bacteriological 
examination. 

Material  from  a  cadaver  (wound  exudate,  pieces  of  altered  muscles, 
blood  from  the  heart,  10-20  g  from  the  spleen  and  from  the  liver)  must 
be  taken  as  soon  as  possible  after  death  (within  a  few  hours)  because 
various  other  pathogenic  anaerobic  microorganisms,  which  are  always 
present  In  the  gastro- Intestinal  tract,  which  are  not  the  direct  cause 
of  the  given  disease,  may  penetrate  Into  the  tissues  of  the  cadaver. 

All  the  sample  material  Is  placed  Into  a  sterile,  hermetically 
sealed  glass  or  plastic  container  and  lnsaedlately  sent  to  the  bacteri¬ 
ological  laboratory. 

The  samples  In  which  the  pathogenic  agents  are  most  easily  detect¬ 
ed  (material  from  wounds,  blood,  liver,  spleen)  are  examined  first. 
Microscopic  examination 

All  saiqples  are  subjected  to  microscopical  examination.  For  this 
purpose,  contact  smears  are  taken  and  gram- stained. 
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The  presence  of  a  large  number  of  large  gram-positive  rods  serves 
as  a  preliminary  indication  for  suspecting  a  Clostridium  infection. 
Bacteriological  Investigation 

The  solid  materials  are  cut  up  in  a  sterile  manner  with  scissors 
and  ground  in  a  mortar  with  sterile  sand  or  glass  in  an  equal  volume 
of  physiological  salt  solution.  Blood  or  exudate  is  centrifuged  at 
3000  rpm  for  30  minutes  and  the  precipitate  used  for  the  inoculation 
of  the  medium.  For  nutrient  media  for  culturing  of  anaerobic  bacteria, 
see  p.  958. 

The  suspension  of  tne  test  material  is  used  to  Inoculate  solid 
nutrient  media  by  means  of  a  platinum  loop  -  blood  agar  (see  p.  970) 
and  benzidine  agar  (p.  973).  The  cultures  are  incubated  under  anaero¬ 
bic  conditions  at  37* ,  examined  the  next  day  and  then  every  2  days  (up 
to  7  days)  for  isolating  the  suspected  colonies.  The  grown  colonies, 
which  cause  hemolysis  on  blood  agar,  opalescence,  proteolysis  or  the 
appearance  of  a  nacreous  aureole  on  Wilson-Blair  medium,  are  checked 
for  purity  and  the  presence  of  gram-positive  bacilli  (by  microscopy) 
and  then  used  to  inoculate  test  tubes  containing  liquid  casein-fungus 
medium  (p.  965)  under  a  layer  of  vaseline  oil.  These  are  then  incu¬ 
bated  in  a  normal  thermostat  for  24-48  hours  and  examined  in  accord¬ 
ance  with  the  general  testing  scheme  until  pure  cultures  are  obtained 
(Table  71)- 

1  mi  of  the  original  suspension  of  the  test  material  is  placed  in¬ 
to  each  of  5  test  tubes  containing  casein-fungus  medium  or  a  medium 
made  of  meat  hydrolyzate  under  vaseline  oil.  The  test  tubes  are  then 
heated  as  indicated  in  Table  71  and  incubated  at  37*  for  15  days,  and 
examined  daily  for  the  presence  of  growth.  When  signs  of  the  growth  of 
an  anaerobic  culture  are  evident  (cloudiness,  gas  evolution),  the  cul¬ 
tures  are  checked  by  microscopic  examination  for  the  presence  of  large 
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TABLE  71 

Examination  of  Samples  for  the  Presence  of  Pathogenic  Qlostrldla 

Teat  Material 

| 


( - 

Inoculation  of  solid 
media 


- j 

Inoculation  of  liquid  nutrient 
media  (meat  or  casein  medium) 
with  a  quantity  of  1  mi 


T 

At  37*  for  1  to  7  days 


to  15  days  for  the  heated  cul¬ 
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5th  test 

0 

blood 

Willis 

Wilson- 
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1 

1 

r~ 

4 

1 

Incubation  un- 

Incubation 

5  Min-  10  Min- 

20  Min- 

' 

der  strictly 

In  the 

utes 

utes 

utes 

anaerobic  con- 

thermostat 

dltlons 

4 

Incubation 

at  37  for  16  hours 

i 

Microscopic  examination. 
Isolation  and  reinoculation 
on  meat  or  casein  medium  of 
the  colonies  which  cause 
hemolysis,  opalescence  or 
blackening  on  one  of  the 
abovellsted  media  and  con¬ 
sisting  of  gram-positive 
rods 


Study  of  the  properties  of 
the  Isolated  cultures 


- 1 - 

Grown  cultures,  containing 
massive  quantities  of  gram- 
positive  bacilli 


I - 

Verifies-  Inoculation  of  solid  nutrient 


tion  of 
the  tox- 

media 
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1" 
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Dishes 
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Dishes 
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blood 

Willis 

agar 

benzl- 

fugatea ) 

agar 

and 

column 

dine 

on  mice 

Hobbes 

agar 

or  guinea 

medium 

pigs 

4 

Neutraliz¬ 
ation  test 
with  sera 
of  type  A, 
Cl.  oede- 
matlens , 
type  B, 

Cl.  sor- 
Helli 


Incubation  at  37 0  for  3 6  hours 
to  4  days.  Isolation  of  colo¬ 
nies  which  cause  hemolysis, 
opalescence  or  blackening  of 
nutrient  media.  Study  of  the 
properties  of  the  siolated 
cultures. 
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Isolation  of  a  pure  culture.  All  grown  cultures  which  contain  a 
large  number  of  gram-positive  bacilli  (including  contaminated  cultures) 
must  be  reinoculated  on  the  solid  media,  indicated  in  T^ble  71,  and 
this  stage  of  investigation  must  be  completed  by  isolation  of  pure  cul¬ 
tures. 

Hie  Isolated  strains  are  studied  in  accordance  with  the  general 
scheme  (Table  72)  for  their  morphology,  mobility,  capacity  to  ferment 
carbohydrates  and  to  change  litmus  milk,  to  liquify  gelatin  and  coagu¬ 
lated  blood  serum  or  egg  white. 

The  toxic  and  virulent  properties  of  the  cultures  are  checked  for 
their  ability  to  modify  blood  agar,  M3. Ills  medium  and  also  in  tests  on 
laboratory  animals  (mice,  guinea  pigs). 

Detection  of  the  pathogenic  agents  of  the  gas  gangrene  by  means  of  the 
biological  test 

Relatively  pure  cultures,  in  which  an  extraneous  flora  is  either 
absent  or  met  in  the  form  of  single  cells  in  the  field  of  view  among 
dominant  large  numbers  of  cells  of  the  basic  culture,  are  tested  for 
toxicity  In  vivo. 

To  this  end,  0.2  mi  each  of  the  centrifugate  of  the  cultures  Is 
Injected  Intravenously  or  intraperitoneally  Into  white  mice  or  subcut¬ 
aneously  Into  guinea  pigs.  When  the  mice  die  during  the  first  24  hours 
or  when  skin  necrosis  appears  in  the  guinea  pigs,  the  neutralization 
test  is  carried  out  on  mice  or  guinea  pigs  with  the  diagnostic  sera  of 
Cl.  perfrlngens .  type  A,  Cl.  oedematlens .  type  A  and  B,  Cl.  septlcum. 

Cl.  hlstolytlcum  and  Cl.  sordelli  (Table  73). 

The  toxin-antitoxin  mixtures  are  kept  at  20*  In  a  dark  place  for 
20  minutes  and  then  0. 5  mi  of  it  Is  Injected  Into  white  mice  (calculat¬ 
ing  2  mice  per  test  tube)  or  0.2  mi  subcutaneously  Into  a  guinea  pig. 
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TABLE  73 

Neutralization  Test  on  Mice  or  Guinea  Pigs 


No. 

of 

test 

tube 
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fugate 
of  the 
test 
cul¬ 
ture, 
mi 
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type  A 
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and  B  “Eicum  um  "cle ill 

Physiol¬ 

ogical 

salt 

solution 

1 

0.9 

0.6  mi 

50  AYe 

— 

— 

—  — 

— 

2 

0.9 

- 

0.6  mi 

100  AYe 

- 

-  - 

- 

3 

0.9 

- 

- 

0.6  mi 
100  AYe 

-  - 

- 

U 

0.9 

- 

- 

- 

0.6  mi  — 

100  AYe 

- 

5 

0.9 

- 

- 

- 

-  0.6  mi 

100  AYe 

- 

6 

0.9 

— 

— 

— 

— 

0*6  mi 

con¬ 

trol 


The  results  are  evaluated  5-6  hours  later  and  finally  on  the  3rd  day. 
The  species  of  the  culture  under  examination  Is  determined  on  the 
basis  of  the  neutralizing  effect  of  the  homologous  antitoxic  serum. 

When  negative  results  are  obtained,  the  presence  of  skin  necrosis 
In  guinea  pigs  or  the  death  of  the  animals,  the  neutralization  test  Is 
carried  out  with  the  specific  diagnostic  typing  sera  for  Cl.  perfrlng- 
ens  A,  B,  C,  D,  and  E. 

Rapid  Methods  of  bacteriological  diagnosis 

Because  a  conqplete  bacteriological  analysis  for  Clostridium  In¬ 
fection  is  fairly  complex,  numerous  rapid  and  simple  methods  of  deter¬ 
mining  some  pathogenic  anaerobes  have  been  proposed. 

1.  In  Borne  cases  of  fulminant  development  of  gas  Infection,  when 


TABLE  72 

Basic  Properties  of  Certain  Pathogenic  and  Certain  Nonpatho genic 
Clostridia,  Isolated  from  Wounds 
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1)  Name  of  Clostridium;  2)  morphology;  3)  spores;  4)  proteolytic  prop¬ 
erties;  5)  fermentation  of  carbohydrates:  6)  rod  dimensions;  7)  mobil¬ 
ity;  8)  colonies  on  agar  surface  within  48  hours;  9)  colonies  in  the 
depth  of  the  agar;  10}  shape,  arrangement;  11)  resistance  to  boiling; 


shape,  arrangement;  11)  resistance  to  boiling; 


coagulated  eg 
)  levulose;  19 
23)  inulin;  24 


white; 

lactose; 

mannitol; 


25)  dulcit;  26)  sallcln;  27)  glycerol;  28)  starch;  29)  hemolysis  on 
blood  agar;  30}  Willis  and  Hobbes  medium;  31)  benzidine  agar;  32)  path¬ 


ogenicity  for  animals;  33)  Cl 
34)  lens- shaped  cr  cotton  woo: 


ns  of  types  A,  B,  0,  D,  E,  P; 
[57  Elliptical,  subterminal, 


lens- shaped  cr  cotton  wool  clunpa;  35}  Elliptical,  subterminal, 
rarely,  central;  36)  from  5  minutes  to  6  hours;  37)  coagulated 
,  KG  3-16  hours;  38)  reddening,  aureole,  opalescence;  39)  gas  gi 


~9)  reddening;  49a)  from  30  minutes  to  si  hours;  50)  peptization; 

L,  cleared- up  zone  around  the  colonies;  52)  gas  gangrene  with  llque- 
„lon  of  muscles;  53)  cotton  wool  clumps  with  thickened  center; 

V  from  1  to  3  hours;  55)  zone  of  opalescence  and  nacreous  lustre; 

,  cotton  wool  clumps,  lens  shapes;  57)  up  to  1  hour;  58)  zone  of  op- 
occence  and  narrow  zone  of  clearing:  59)  cotton  wool  clump 3,  small 
.ns  shapes;  60)  slow  peptization;  6l)  gas  gangrene;  62)  some  strains 
cause  gas  gangrene;  63)  small  lens  shapes  with  thickened  center; 

64)  terminal,  elliptical;  65)  slow  coagulation;  66)  small  dense  clumps; 
67)  local  liquefaction  of  tissues  sometimes  kills  the  animal;  00)  non- 
pathogenic;  69)  cylindrical  rods;  70)  terminal;  71)  "Table  spoon  ; 

72)  lenses. 


it  is  possible  to  obtain  a  large  quantity  of  relatively  pure  wound  exu¬ 
date,  the  neutralization  test  la  carried  out  on  the  centrifugate  of 
the  test  liquid  (Table  73). 

To  determine  the  presence  of  leoithinaee,  the  test  can  also  be 
carried  out  with  the  t  st  liquid  £n  vivo,  using  leclthovitellin  or 
erythrocytes  of  sheep,  mice  or  rabbits.  By  the  inhibition  of  the  reac- 
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tion  with  sera  of  Cl.  perfringens  or  Cl.  oedematlens .  the  specificity 
of  the  detected  lecithinase  can  be  established. 

2.  lhe  voliL-ie  of  work  can  be  reduced  by  Inoculating  2  Petri  dish¬ 
es  containing  Willis  and  Hobbes  medium,  having  previously  added  to  the 
melted  and  cooled  (to  50°)  agar  of  one  of  the  dishes  a  mixture  of  anti¬ 
toxin  of  Cl.  perfringens  of  type  A  and  of  Cl.  oedematlens.  type  A  (10 
AYe  per  1  mi  of  medium),  with  the  wound  exudate  and  other  materials. 

•  Although  accurate  data  on  the  different  Clostridia  cannot  be  ob¬ 
tained  by  this  method,  it  is  nevertheless  possible  by  means  of  it,  to 
determine  Cl.  perfringens .  Cl.  sordelll.  Cl.  oedematls  type  A,  Cl. 
hlstolytlcum  and  also  nonproteolytic  strains  of  Cl.  botullnum  (Table 
74). 

TABLE  74 

Behavior  of  Some  Pathogenic  and  Nonpathogenic  Clostridia  on  Willis  and 
Hobbes  medium  (Lactose- Yolk-Milk  agar,  1959) 
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1)  Name  of  microbe;  2)  opalescence;  3)  causes;  4)  is  inhibited  on  a 
dish  to  which  a  mixture  of  the  antitoxins  of  Cl.  perfringens  and  Cl. 
oedematlens  has  been  added;  5)  nacreous  layer;  6)  ferments  lactose" 
(red  aureole  around  colonies);  7)  proteolysis  (narrow  cleared-up  zone 
around  colonies);  8)  type(s) 


3.  With  the  aim  of  determining  the  pure  toxigenic  cultures  of  Cl. 
perfrlngens  of  type  A,  Cl.  oedematlena.  Cl.  septlcum  and  Cl.  tetani. 
one  of  the  antitoxins  is  added  in  a  concentration  of  8  AYe  per  1  mi  to 
transparent  nutrient  agar  on  the  basis  of  Hottinger  or  Martin  broth. 
Thus,  It  is  necessary  to  have  4  dishes  with  four  different  antitoxins, 
which  are  inoculated  with  the  test  culture.  The  colonies  grown  after 
48-72  hours  form  a  ring  of  precipitation  around  their  periphery  with 
homologous  serum.  The  test  is  carried  out  more  economically  by  divid¬ 
ing  a  dish  into  4  symmetrical  sectors  and  pouring  the  respective  anti¬ 
toxin  on  the  agar  (Petri  and  Stlben). 

Deficiencies  of  the  method  are  the  low  sensitivity  (strains  which 
are  not  highly  toxic  may  not  give  a  precipitate)  and  the  long  duration 
(over  48  hours). 

4.  One  of  the  rapid  in  vitro  methods  of  diagnosing  the  principal 
pathogenic  agents  of  gas  gangrene  is  based  on  the  phenomenon  of  a 
change  in  the  morphology  and  the  nature  of  growth  of  anaerobic  bacte¬ 
ria  when  they  are  cultured  in  semiliquid  medium  in  presence  of  specif¬ 
ic  antitoxin  sera  (o.  A.  Komkcva). 

A  special  medium  is  used  for  this  purpose,  consisting  of  Pope 
broth  with  0.1 #  agar,  0.4#  gelatin  and  0.5#  glucose.  The  medium  is 
poured  into  10  mi  test  tubes  and  sterilized  2  times  for  20  minutes  in 
steam  with  an  interval  of  one  day. 

The  teat  material  —  the  infected  pieces  of  tissue  —  is  dlstrib 
uted  in  10  test  tubes  containing  semiliquid  medium;  5  of  these  test 
tubes  are  kept  on  the  water  bath  at  80°  for  20  minutes.  To  each  pair 
of  test  tubes  —  a  heated  and  an  unheated  one  —  different  monovalent: 
antigangrene  sera  are  added  in  such  a  quantity  that  1  mi  of  medium 
contains  not  less  than  200  AYe  of  Cl.  perfrlngens  type  A,  not  less 
than  300  AYe  Cl.  oedeaatlens  and  not  less  than  50  AYe  Cl.  septlcum 
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and  Cl.  hlstolytloum  antitoxic  serum.  No  serum  Is  added  to  the  two 
last  test  tubes. 

The  contents  of  each  test  tube  are  carefully  mixed  and  all  test 
tubes  placed  Into  the  thermostat  at  37-38° •  The  result  Is  evaluated  10 
and  18  hours  later. 

The  detection  of  the  streptobacillus  form  and  the  growth  of  Iso¬ 
lated  colonies  In  the  test  tubes  with  a  certain  antitoxic  serum  and 
the  absence  of  these  phenomena  in  the  other  test  tubes  indicate  the 
presence  of  pathogenic  gas  gangrene  organisms  In  the  test  material 
which  correspond  to  the  given  species  of  serum. 

If  the  streptobacillus  form  Is  detected  in  test  tubes  with  differ¬ 
ent  sera,  this  indicates  the  presence  of  several  species  of  gas  gan¬ 
grene  microbes  in  the  test  material. 

Another  rapid  method,  proposed  by  0.  A.  Komkova,  is  a  further  im¬ 
provement  of  the  test  in  which  the  toxin  is  neutralized  by  antitoxin 
by  means  of  subcutaneous  injection  into  guinea  pigB. 

3-5  guinea  pigs,  depilated  on  one  side  of  the  abdomen,  are  need¬ 
ed  for  an  analysis.  One  guinea  pig  is  injected  with  0.2  mi  of  the  test 
liquid  together  with  0.1  mi  of  physiological  salt  solution,  the  others 
with  0. 2  mi  of  some  monovalent  antigangrene  serum.  The  guinea  pigs  are 
observed  for  24  hours. 

The  early  diagnosis  of  the  pathogenic  agents  of  gas  gangrene  by 
this  method  is  based  on  the  rapidly  ensuing  change  of  the  skin  color 
of  the  guinea  pigs  (violet,  rose-red,  bluish  tinge)  in  consequence  of 
the  local  disturbance  of  the  blood  circulation.  The  conclusions  are 
based  on  the  absence  of  a  positive  reaction  in  the  guinea  pigs  which 
have  been  given  the  test  material  in  combination  with  homologous  anti- 
gangrene  serum  and  the  presence  of  a  reaction  in  all  other  test  ani¬ 
mals. 
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This  method  sometimes  enables  toxic  strains  of  gas  gangrene  or¬ 
ganisms  to  be  detected  within  a  period  of  30  minutes  to  4  hours. 
TETANUS 

K.  I.  Matveyev,  Professor,  T.  I.  Sergeyeva  and  V.  A.  Sidorova, 
Candidates  of  Medical  Sciences 

Tetanus  Is  an  Infection  which  appears  In  consequence  of  various 
traumatic  and  other  wounds  In  connection  with  contamination  of  the 
wound  with  soil,  pieces  of  clothing,  and  animal  excrements  containing 
the  spores  of  Cl.  tetani,  the  pathogenic  organism  which  causes  tetanus. 
Morphology  of  Cl.  tetanl 

Mobile  bacillus  with  a  length  of  4-8p.  and  a  width  of  0. 4-0. 6p. 
with  rounded  ends  (Pig.  Il6).  It  foras  terminal,  round  spores,  as  a 
result  of  which  it  assumes  the  appearance  of  a  cylindrical  rod  (Pig. 
117).  Peretrichately  arranged  cilia  (Pig.  118).  Easily  stained  by  all 
aniline  dyes.  It  Is  stained  gram-positive;  gram- negative  individuals 
are  also  found  In  old  cultures.  Hie  spores  are  difficult  to  stain. 

When  the  spores  are  stained  with  methylene  blue,  or  gram-stained,  they 
have  an  annular  appearance.  For  staining  of  spores,  see  p.  4l. 


Fig.  116.  Cl.  tetanl.  1900x. 
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Biology  of  Cl.  tetanl;  culture  properties 

The  pathogenic  microorganism  of  tetanus  Is  strictly  anaerobic 
and  highly  sensitive  to  oxygen.  This  microbe  grows  well  In  the  depth 
of  liquid  nutrient  media,  filled  into  tall  test  tubes,  flasks  or  cyl¬ 
inders  in  presence  of  reducing  agents  (glucose,  pieces  of  liver  or 
muscle,  cotton  wool,  etc. ).  Martin  broth,  Weinberg  medium  in  the  TsIEM 
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modification,  the  medium  developed  by  P.  M.  Gluzman  and  coworkers,  the 
medium  of  K.  I.  Matveyev  and  coworkers,  etc.,  (see  p.  959)  are  used 
for  culturing  the  tetanus  bacillus.  The  nutrient  medium  should  be  neu¬ 
tral  or  slightly  acid  (jH  «  6. 8-7-4).  The  liquid  media  should  be  cover¬ 
ed  with  a  layer  of  vaseline  oil  and  the  oxygen  removed  from  them  prior 
to  Inoculation  by  boiling  on  the  water  bath  for  10-15  minutes,  after 
which  t.-ay  are  quickly  cooled  to  40-50°.  The  optimum  temperature  for 
growth  is  35-37°. 

On  solid  nutrient  media  -  blood  and  liver  agar  -  the  tetanus  ba¬ 
cillus  grows  only  when  the  oxygen  has  been  completely  removed.  This  Is 
achieved  by  placing  the  Petri  dishes  Into  a  micro-  cr  macro-anaerostat, 
on  the  bottom  of  which  an  open  Petri  dish  containing  a  10#  alkaline 
solution  of  pyrogallol  has  been  placed,  after  which  the  air  is  evacu¬ 
ated. 

After  2-4  days  of  growth  on  agar  dishes  at  a  temperature  of  35-37°, 
individual  transparent  or  slightly  grayish  colonies  appear  with  a  si as 
of  2-5  mm  and  uneven  granular  surface,  the  edges  of  the  colonies  being 
ragged  and  dendritic.  Older  colonies  have  a  yellowish  dense  center  and 
completely  transparent,  colorless,  ragged,  dendritic  fringes  (Pig.  119). 
On  blood  agar,  every  colony  Is  surrounded  by  a  hemolysis  zone.  When  the 
condensation  liquid  of  canted  agar  in  test  tubes  is  inoculated  with 
tetanus  bacillus,  the  microbe  grows  in  the  form  of  thin,  hardly  visible 
threadlike  ougrowths,  which  creep  on  the  agar  surface.  This  peculiarity 
of  the  microbe  can  be  utilized  for  the  isolation  of  a  pure  culture.  The 
test  tubes  with  canted  agar  must  be  placed  into  an  anaerostat.  Dense 
colonies  in  the  form  of  lenticular  grains  or  discs  (R-form)  or  in  the 
form  of  flakes  with  dense  center  (S-form)  grow  in  a  high  agar  column 
within  1-2  days.  In  a  gelatin  column,  Cl.  tetanl  grows  within  5-6  days 
in  the  fozro  of  a  herringbone  pattern  the  gelatin  being  liquified  at 
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Fig.  119.  Colonies  of  Cl.  tetanl  on  Martin  agar  after  5  days  of  cul¬ 
turing.  lOx. 

the  same  time. 

The  tetanus  bacillus  Is  only  weakly  proteolytic:  when  grown  in  a 
liquid  medium  containing  a  piece  of  liver  or  hardbolled  egg  white.  It 
does  not  cause  proteolysis  of  these  materials  even  after  long  periods. 
The  microbe  does  not  ferment  monosaccharides  or  polyvalent  alcohols. 
Only  Individual  strains  ferment  glucose.  All  strains  ferment  milk  slow¬ 
ly  with  formation  of  very  fine  flakes. 

The  pathogenic  microorganism  of  tetanus  produces  a  powerful  toxin 
consisting  of  two  components:  tetanospasmln  or  neurotoxin,  and  tetano- 
hemolysin.  The  tetanospasmln  Is  the  principal  lethal  conponent,  which 
affects  the  nerve  system  of  humans  and  arJmals  and  causes  tonic  con¬ 
tractions  of  the  striped  muscles.  The  tetanohemolysln  destroys  the  ery¬ 
throcytes  of  many  animal  species. 

Resistance  to  Physical  and  Chemical  Factors 

The  vegetative  form  of  the  tetanus  bacillus  Is  not  very  resistant 
to  the  action  of  temperature  and  chemical  agents,  while  their  spores 
are  highly  resistant.  In  a  moist  medium,  the  spores  can  withstand  a 


temperature  of  80®  for  4-6  hours  and  more,  while  they  die  when  boiled 
for  40-50  minutes.  Dry  spores  withstand  even  higher  temperatures:  heat¬ 
ing  to  115°  destroys  them  only  after  20  minutes.  The  spores  are  total¬ 
ly  insensitive  to  low  tesperatures.  They  can  withstand  a  temperature 
of  -40-60®  for  years.  A  Vf>  solution  of  corrosive  sublimate  or  a  5#  car¬ 
bolic  acid  solution  takes  10-12  hours  to  kill  the  spores.  Under  the  ac¬ 
tion  of  diffuse  sunlight,  the  spores  die  only  after  long  periods  of  ex¬ 
posure.  Being  protected  against  light  in  the  soil  and  on  various  envir¬ 
onmental  objects,  the  spores  can  survive  for  many  years. 

Laboratory  Diagnosis  of  Tetanus 

The  examination  for  the  presence  of  Cl.  tetani  is  carried  out: 

a)  to  confirm  the  clinical  diagnosis  of  tetanus  on  patients ; 

b)  to  check  the  sterility  of  bandages,  catgut  and  silk  and  vari¬ 
ous  preparations  for  subcutaneous  injection; 

c)  to  determine  certain  epidemiological  data  (environmental  ob¬ 
jects  -  soil  in  localities  with  a  high  tetanus  incidence,  dust  and  air 
of  operating  theaters  and  dressing  rooms  in  hospitals). 

Bacteriological  examination 

Examination  of  material  from  patients  ant  cadavers 

The  tetanus  bacillus  is  detected  in  most  cases  at  the  site  where 
it  has  entered  the  organism  of  the  patient.  Hence  the  examination  of 
material,  taken  from  the  site  of  the  wound  is  the  mostpromising.  It  is 
necessary  to  take  samples  of  pus,  pieces  of  tissue,  foreign  bodies, 
scraps  of  clothing,  swabs,  placed  into  the  wound  during  dressing,  band¬ 
aging  material  containing  wound  exudate,  etc.  * 

In  the  cases,  when  the  pathway  of  Infection  is  unknown,  it  lr.  es¬ 
sential  to  examine  the  patient  carefully  for  the  presence  of  scratches, 
abrasions,  catarrhal  and  inflammation  processes  and  old  wounds  which 
have  not  healed  for  a  long  time.  Once  such  foci  are  established,  mate- 
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rial  la  taken  from  the  place  where  they  are  located,  and  In  some  cases 
mucus  from  the  bronchi,  nose,  pharynx  and  deposits  on  the  tonsils  Is 
j\^V»vHHon  must  be  directed  to  the  presence  of  old  cicatriza- 
i'bon  previous  Injuries  In  which  tetanus  bacilli  can  remain  via¬ 
ble  -or  long  periods.  In  cases  of  postpuerperal  or  postabortus  tetanus, 
vaginal  and  uterine  secretions  are  taken  for  examination.  When  tetanus 
Is  suspected  in  a  newborn,  the  secretions  from  the  umbilical  cord  are 
examined. 

It  should  be  pointed  out  that  cases  of  tetanus  have  occurred  in 
recent  years  in  humans  in  most  cases  as  a  result  of  slight  injuries, 
Scratches,  punctures,  abrasions  and  wounds  which  may  have  healed  be¬ 
fore  the  development  of  the  clinical  symptoms  of  tetanus. 

When  cadavers  are  examined,  material  is  also  taken  from  wounds, 
if  any  and  also  from  various  lnflanmatlon  foci  and  old  cicatrices.  Ow¬ 
ing  to  the  fact  that  a  generalization  of  the  infection  takes  place  in 
some  cases  of  tetanus,  the  pathogenic  microbe  can  also  be  detected  in 
the  internal  organs.  Hence  blood  (10  mi),  pieces  of  liver  and  spleen 
with  a  weight  of  20-30  g  are  taken  from  the  cadaver. 

The  examination  of  material  taken  from  tetanus  patients  or  from 
^corpses,  can  be  carried  out  with  the  aim  of  detecting  tetanus  toxin 
and  the  tetanus  bacillus. 

Detection  of  tetanus  toxin.  The  test  material  is  ground  in  a  ster¬ 
ile  mortar  with  sterile  quartz  sand  and  double  the  volume  of  physiol¬ 
ogical  salt  solution  added.  Part  of  this  material  is  used  to  inoculate 
2  flasks  with  liquid  nutrient  medium  and  the  remainder  is  left  in  the 
mortar  for  the  extraction  of  the  toxin  which  takes  an  hour  at  room 
temperature . 

To  carry  out  the  neutralization  test  on  animals,  an  extract  from 
the  test  material  is  filtered  through  cottonwool- gauze  or  filter  paper 
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and  injected  intramuscularly  into  the  thigh  of  the  hind  legs  of  a 
mouse  (filtering  through  a  talcum  filter  must  be  avoided  as  this  ad¬ 
sorbs  the  toxin).  0.5  or  1  mi  each  of  extract  is  injected  into  two 
mice  and  the  same  doses  of  extract  into  two  other  mice  together  with 
antitetanus  serum.  The  mixture  of  extract  with  antitetanus  serum  is 
prepared  in  such  a  manner  that  0. 5  mi  of  diluted  serum  with  200  AYe 
are  added  to  1  mi  of  extract.  Hie  mixture  is  kept  at  room  temperature 
for  40  minutes  for  the  neutralization  of  the  toxin  by  the  antitoxin. 
Hie  mixture  of  toxin  and  antitoxin  is  then  injected  intramuscularly 
into  2  mice,  using  0.75  mi  or  1. 5  mi  for  each  (for  guinea  pigs,  1.5-3 
mi  each).  The  animals  are  then  observed  for  4-5  days. 

Depending  on  the  quantity  of  toxin,  the  symptoms  of  tetanus  devel 
op  in  the  animals  on  the  first  or  second  day.  The  first  symptom  of  tet 
anus  in  mice  is  a  rumpling  of  the  hairs  and  a  certain  rigidity  of  the 
tall  and  hind  legs.  A  sudden  sound  stimulus  (rapping  on  the  Jar  or 
cage  in  which  the  mice  are  kept)  causes  a  tensing  of  the  tall,  as  a 
result  of  which  it  becomes  erect.  These  symptoms  in  mice  are  desig¬ 
nated  as  tetanus  of  degree  I.  Paralysis  of  the  leg,  into  which  the  tox 
in  had  been  injected,  expressed  ir.  immobility  and  lateral  extension  of 
the  leg,  indicates  tetanus  of  degree  II.  Later  on,  symptoms  of  tetanus 
develop  in  the  animals,  involving  paralysis  of  the  entire  extremity 
and  part  of  the  body  muscles.  His  is  tetanus  of  degree  III;  degree  IV 
i3  characterized  by  marked  clinical  symptoms  of  tetanus  involving  cur¬ 
vature  of  the  animal *s  spine.  If  the  animal  is  placed  on  its  back,  it 
is  not  capable  of  returning  to  the  prone  position. 

The  tetanus  symptoms  are  absent  in  the  animals  which  were  given 
tetanus  toxin  in  combination  with  antitetanus  serum.  This  Indicates, 
that  tetanus  toxin  is  present  in  the  test  material. 

Detection  of  Cl.  tetanl.  Simultaneously  with  the  neutralization 
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test,  2  flasks  or  2  test  tubes  with  nutrient  medium  (Martin  broth, 
Weinberg  broth,  etc. ),  covered  with  a  layer  of  vaseline  oil,  are  Inocu¬ 
lated  with  the  material  which  has  been  ground  up  with  sand.  Before  the 
Inoculation  is  carried  out,  the  oxygen  Is  removed  from  the  medium  by 
boiling  for  15  minutes,  followed  by  cooling  to  40-50°  and  addition  of 
0*5#  glucose.  Pieces  from  the  organs  of  the  cadaver  with  a  weight  of 
10-20  g  are  also  ground  in  a  sterile  mortar  with  sterile  sand,  after 
which  the  medium  is  inoculated  with  them.  5-10  mi  of  blood  from  the  ca¬ 
daver  Is  triturated  with  sand  to  disintegrate  the  clot  and  the  medium 
Inoculated  with  it. 

Following  the  Inoculation,  one  of  the  flasks  or  test  tubes  Is 
heated  on  the  water  bath  at  a  temperature  of  80°  for  20  minutes  for 
the  purpose  of  inhibiting  or  destroying  the  extraneous,  nonsporogenic 
microflora  present  In  the  material  from  the  patient.  Following  cultur¬ 
ing  at  a  temperature  of  35°,  smears  taken  from  the  cultures  are  exam¬ 
ined  microscopically  cn  the  2nd,  4th,  6th  and  10th  day  and  the  culture 
fluid  examined  for  the  presence  of  tetanus  toxin.  For  this  purpose, 
the  neutralization  reaction  with  antitetanus  serum  is  carried  out  in 
accordance  with  the  above described  method. 

When  tetanus  toxin  has  been  detected  In  the  culture  and  when  gram¬ 
positive  bacilli  with  round  terminal  spores  are  found  to  be  present, 
it  may  be  concluded  that  Cl.  tetanl  has  been  detected  in  the  test  ma¬ 
terial. 

If  tetanus  toxin  is  not  detected  in  the  first  culture,  but  bacil¬ 
li  are  observed  during  microscopic  examination,  which  are  morphologi¬ 
cally  similar  to  the  pathogenic  organism  of  tetanus,  the  original  cul¬ 
ture  Is  used  to  lnooulate  solid  nutrient  media  In  a  Petri  dish  or  In  a 
high  agar  column  in  test  tubes.  Blood  or  liver  agar  is  preferred  for 
the  Petri  dishes.  The  dishes  with  the  cultures  are  placed  into  a  micro- 
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or  macroanaerostat  and  grown  at  a  tenperature  of  35®  under  complete 
vacuum.  In  order  to  create  satisfactory  anaerobic  conditions,  an  open 
Petri  dish,  containing  a  10#  solution  of  pyrogallol.  Is  placed  on  the 
bottom  of  the  anaerostat. 

Within  1-3  days,  transparent  colonies  of  Cl.  tetanl  grow  In  the 
dishes  with  blood  agar  In  the  form  of  dewdrops  surrounded  by  a  hemoly¬ 
sis  zone.  The  colonies  are  examined  under  a  powerful  magnifying  glass 
or  the  microscope  MBS-1,  or  MBS- 2.  Individual  colonies  of  this  microbe 
on  the  surface  of  the  agar  are  sometimes  difficult  to  obtain  because 
the  microbes  have  a  tendency  to  creep  over  the  surface  of  the  medium 
and  to  form  a  transparent,  networklike  film  which  Is  hardly  noticeable 
to  the  unaided  eye. 

The  seeding  of  the  agar  column  In  test  tubes  Is  carried  out  with 
the  culture  fluid,  first  kept  on  the  water  bath  at  80°  for  20  minutes 
in  order  to  kill  off  the  nonpathogenic  extraneous  microflora.  For  this 
purpose,  5-8  test  tubes  with  agar  are  melted  on  the  whter  bath  and 
;hen  cooled  In  water  to  40-50°.  The  Inoculation  Is  carried  out  In  the 
liquid  agar  by  successive  reseeding  from  one  test  tube  of  the  primary 
culture  Into  the  next  with  the  sealed  end  of  a  Pasteur  pipette.  After 
the  Inoculation,  the  test  tubes  are  immediately  lowered  Into  a  con¬ 
tainer  with  cold  water  for  rapid  solidification  of  the  agar  and  then 
placed  Into  the  thermostat  at  35®«  Dense  colonies  in  the  form  of  lens¬ 
es  or  flakes  grow  in  the  agar  within  1-2  days.  Smears  are  prepared 
from  the  colonies  on  dishes  and  a  high  column  and  examined  under  the 
microscope.  When  bacteria,  morphologically  similar  to  Cl.  tetanl.  are 
present,  liquid  nutrient  medium  Is  Inoculated  with  them  and  tested  for 
the  capacity  to  produce  tetanus  toxin.  “The  latter  property  is  a  suffi¬ 
cient  basis  for  a  diagnosis  of  tetanus. 


-  954  - 


Examination  of  dressing  material,  catgut  and  surgical  silk 


Very  strict  conditions  of  sterility  must  be  observed  for  the  ex¬ 
amination  of  dressing  material  with  the  aim  of  detecti.*g  Cl.  tetanl. 

In  the  rooms,  where  these  tests  are  carried  out,  work  with  anaerobic 
bacteria.  Including  the  tetanus  bacillus,  must  not  be  carried  out.  The 
room  must  be  freed  of  all  unnecessary  objects  and  disinfected.  The  In¬ 
oculations  must  be  carried  out  In  a  special,  thoroughly  disinfected 
box.  The  staff,  present  during  the  bacteriological  testing  of  dressing 
materials  should  don  a  second  set  of  sterile  gowns  and  also  sterile 
gloves,  caps  and  cotton  wool-gauze  masks  over  the  nose  and  mouth.  All 
Inoculation  media  must  be  carefully  checked  for  Bterlllty  by  keeping 
them  In  the  thermostat  for  5-7  days  prior  to  the  Inoculation.  The  In¬ 
struments  used  In  this  work,  the  vessels,  etc.,  should  be  sterilized 
twice  in  an  autoclave.  The  seeding  of  material  in  the  box  must  be  car¬ 
ried  out  in  sheet  metal  trays  which  have  previously  been  thoroughly 
burnt  off  with  an  alcohol  flame  or  a  gas  buvraMS 

Prior  to  Inoculation,  the  material  1*  carefully  examined 

and  samples  taken  for  inoculation  from  dlfferer1:  places  in  the  depth 
and  on  the  surface.  Every  sample  is  seeded  into  $  flaaV*  containing  a 
previously  boiled  medium  under  a  layer  of  vaseline  cl  1  ;ontaining 
0.5#  glucose.  After  inoculation,  one  of  the  t'ir.ska  Is  kept  at  a  temper¬ 
ature  of  80°  for  20  minutes  on  the  water  bath.  For  inoculation  with 
cotton  wool,  several  small  flakes  per  flask  but  not  less  than  5-10  g 
are  used;  gauze  Is  first  cut  Into  small  pieces,  then  5-10  g  seeded  In¬ 
to  each  flask  with  nutrient  medium.  Other  forms  of  dressing  material 
are  also  placed  Into  the  flasks  In  small  pieces.  Test  tubes  with  medi¬ 
um  are  not  suitable  for  the  examination  of  dressing  material  on  account 
of  their  small  volume. 

Catgut  (5-10  g  per  flask  of  medium)  must  be  ground  up  in  a  sterile 
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mortar  with  sterilized  sand  before  the  inoculation.  Surgical  silk,  al¬ 
so  5-10  g  per  flask  with  mrtivx,  is  cut  into  small  pieces  and  seeded 
out. 

Culturing  is  carried  out  ttt  35°  for  10-15  days.  This  is  necessary 

..’  i ' 

because  of  the  slow  growth  of  aone  Cl.  tetanl  spores.  Smears  from  the 
culture  flasks  are  examined  under  the  microscope  and  the  toxin  neutral¬ 
ization  test  carried  out  on  mice  with  the  filtrate  from  the  culture 
fluid  by  the  abovedescrlbed  method.  Positive  conclusions  are  derived 
if  tetanus  toxin  is  detected  in  the  cultures. 

Detection  of  the  tetanus  bacillus  in  the  environment 

A  bacteriological  analysis  of  soil,  dust  and  the  air  is  necessary 
to  determine  the  distribution  of  the  tetanus  bacillus  in  the  environ¬ 
ment.  Mr  samples  from  operating  and  dressing  rooms,  surgical  wards 
and  also  from  the  rooms  for  the  sterilization  of  dressing  material, 
catgut  and  surgical  silk  are  examined. 

A  definite  relationship  between  the  contamination  of  the  soil  with 
-etanus  spores  and  the  incidence  of  tetanus  has  been  established  in 
many  localities  of  the  USSR  and  periodic  examinations  of  the  soil  for 
the  presence  of  tetanus  bacillus  is  thus  necessary. 

The  testing  of  soil  and  dust  for  the  presence  of  Cl.  tetanl  can 
be  carried  out  by  two  methods:  the  biological  test  and  the  neutraliza¬ 
tion  test  on  anlmalB  and  also  by  inoculating  nutrient  media  with  soil 
and  dust  samples.  Soil  samples  in  a  quantity  of  25-30  g  are  taken  in 

population  centers  from  roads,  farmhouses,  gardens,  markets,  from  plow- 

<  *  u 

ed  fields,  situated  close  to  population  centers,  from  playing  fields, 
etc.,  and  placed  into  sterile  jars,  test  tubes  or  parchment  bags.  A 
soil  core  up  to  20  cm  long  is  taken  with  a  sterile  Nekrasov  drill  or  a 
spatula  or  scoop;  before  taking  samples  from  each  section,  the  tools 
must  be  wiped  with  alcohol  and  heated  with  an  alcohol  flame.  When  large 
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numbers  of  samples  are  taken  from  a  single  section,  they  can  be  com¬ 
bined  for  examination. 

The  bacteriological  testing  of  soil  and  dust  should  be  carried 
out  as  soon  as  possible  after  the  taking  of  the  samples.  If  the  test¬ 
ing  must  be  postponed,  the  samples  should  be  kept  In  a  refrigerator. 

The  soil  sample  Is  first  thoroughly  mixed,  3-5  S  taken  from  It 
and  transferred  to  a  sterile  porcelain  mortar  and  carefully  ground, 
after  which  6-8  mi  of  physiological  salt  solution  Is  added,  mixed  and 
left  for  3-^  hours  at  room  temperature.  1  mi  of  the  soil  suspension 
thus  obtained  Is  Injected  Into  each  of  2  mice  into  the  muscles  of  the 
hind  leg;  3-5  mi  of  the  suspension  can  be  used  for  guinea  pigs.  When 
tetanus  bacilli  are  present  In  the  soil,  the  clinical  pattern  typical 
for  tetanus  develops  In  the  mice.  Tetanus  of  animals  Is  such  a  typical 
Illness  that  It  Is  easy  to  diagnose.  For  greater  reliability,  the  neu¬ 
tralization  test  with  antitetanus  serum  Is  then  carried  out  with  the 
soil  samples.  In  which  Cl.  tetanl  has  been  detected.  In  accordance 
with  the  abovedescrlbed  method. 

Samples  of  dust,  collected  from  different  objects  In  the  rooms  of 
the  surgical  department,  are  placed  Into  sterile  test  tubes  stoppered 
with  sterile  cotton  wool  plugs  and  examined  by  the  same  methods  as  the 
soil  samples. 

Soil  and  dust  can  be  used  for  Inoculating  nutrient  media  In  flasks 
flasks.  Much  greater  quantities  of  material,  up  to  10-15  g,  can  be 
taken  for  this  than  for  the  teste  on  animals.  The  soil  and  dust  Is 
first  ground  carefully  in  a  mortar,  physiological  salt  solution  added, 
and  divided  Into  two  parts,  one  of  which  Is  kept  at  80°  for  20  minutes 
on  the  water  bath  prior  to  inoculation  and  the  other  seeded  out  into 
the  medium  without  heating.  2,  4,  6  and  10  days  after  growing  in  the 
thermostat,  smears  are  prepared  from  the  Inoculated  medium  and  when 
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bacteria,  similar  to  Cl.  tetani,  are  detected,  the  neutralization  test 
with  antitetanus  serum  is  carried  out  on  animals.  When  necessary,  a 
pure  culture  is  Isolated  by  inoculating  a  high  agar  column,  and  its  ca¬ 
pacity  for  producing  tetanus  toxin  is  determined. 

The  testing  of  the  air  in  operating  theaters,  dressing  rooms  and 
surgical  wards  is  carried  out  by  means  of  the  bacteria  traps  kept  for 
this  purpose  (see  p.  266). 

NUTRIENT  MEDIA  FOR  THE  CULTURING  OF  ANAEROBIC  BACTERIA 

K.I.  Matveyev,  Professor,  T.I.  Bulatova,  Candidate  of  Medical  Sciences, 
B.  D.  Bychenko,  Candidate  of  Medical  Sciences,  and  T.I.  Sergeyeva,  Can¬ 
didate  of  Medical  Sciences 

Peptllzed  broth 

Preparation  of  pepsin-peptone.  200  g  of  sausage  meat  is  heated 
with  1  liter  town  water  to  45-50°,  5  to  10  g  pepsin  which  has  first 
been  dissolved  in  water  and  1#  hydrochloric  acid  are  added.  The  mix¬ 
ture  is  poured  into  bottles,  stoppered  with  a  cotton  wool  plug  and 
placed  into  the  thermostat  at  45-50°.  24  hours  later  the  peptone  thus 
obtained  is  heated  to  80°  and  kept  at  this  temperature  for  5  minutes 
and  at  100“  for  10  minutes  and  then  stored  in  the  cold.  Peptone  which 
has  been  stored  for  5*7  days  is  used  in  the  work. 

Preparation  of  liver  decoction:  one  part  liver  with  4  parts  water 
is  boiled  for  20  minutes  and  filtered  through  cotton  wool. 

Broth  formula:  25  liters  peptone  are  heated  to  80°,  neutralized 
with  alkali,  then  boiled  5  minutes  and  filtered  through  linen.  To  the 
filtered  peptone,  4  liters  of  liver  decoction,  21  liters  of  meat  ex¬ 
tract  and  0.5#  sodium  chloride  (calculated  on  the  total  volume)  are  ad¬ 
ded.  The  whole  mixture  is  boiled  for  20  minutes  the  pH  is  adjusted  to 
7. 3-  The  broth  is  then  ready  to  be  poured  into  previously  prepared  test 
tubes  and  flasks  containing  pieces  of  raw  meat  or  liver  and  hygroscopic 
cotton  wool,  and  sterile  vaseline  oil  is  poured  on  the  broth  in  a  0. 5  cm 
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thick  layer  and  the  whole  sterilized  for  30  minutes  at  120°. 

Casein  media 

(K. I.  Matveyev,  Ye.  A.  Schchekochikhina,  0. S.  Soykina,  L. I.  Mogll' 
nikova,  N.  V.  Khatuntseva,  T.  V.  Oreshkina,  and  L.N.  Stovichek,  1953* 
I960). 

These  media  are  based  on  acid  and  alkaline  hydrolyzatea  of  casein, 
fish  flour  and  com.  To  prepare  the  casein  hydrolyzate,  8  kg  of  dry  ca¬ 
sein  and  1  kg  of  chemically  pure  hydrochloric  acid  are  taken  for  100 
liters  of  water.  These  are  mixed  and  boiled  for  20  minutes.  The  hydro¬ 
lysis  Is  carried  out  under  a  pressure  of  1  atmosphere  for  26-30  minutes. 
For  the  fish  and  corn  hydrolyzates,  10  kg  fish  flour,  3*3  kg  milled 
com  and  1.3  kg  of  hydrochloric  acid  are  taken  for  100  liters  of  water. 
The  hydrolysis  Is  carried  out  for  4  hours  at  a  pressure  of  1.5  atmos¬ 
pheres. 

Flsh-caseln  medium.  20#  fish  flour  hydrolyzate,  5%  casein  hydroly¬ 
zate,  and  71#  water  are  mixed  and  heated  to  80°.  3#  com  extract  and 
up  to  0. 5#  sodium  chloride  are  added,  the  mixture  brought  to  ph  »  7.2 
with  a  20#  alkaline  solution  and  boiled  for  5  minuteB.  After  boiling, 
the  pH  Is  again  adjusted  to  7-2  and  0.1#  Na^HP0l|  added,  mixed  and  boil¬ 
ed  for  10  minutes.  The  medium  Is  then  filtered  or  centrifuged  in  the 
hot  state  and  sterilized  under  a  pressure  of  1.5  atmospheres  for  30 
minutes.  Chemical  characteristics  of  the  medium:  total  nitrogen  200- 
250  mg-#,  protein  nitrogen  50-80  mg-#,  amine  nitrogen  100- 150  mg-#. 

With  a  higher  pH  of  8.0-8. 2,  this  medium  Is  used  for  growing  Cl.  oede- 
matlens.  For  growing  Cl.  botullnum  type  E,  1.6  times  less  casein  Is 
taken,  the  pH  adjusted  to  7.6-7- 8  and  the  protein  nitrogen  to  35-69  mg#, 
the  amine  nitrogen  to  70-130  mg-#  (X. I.  Matveyev,  A. T.  Kravchenko,  T. I. 
Bulatova,  1953,  1959)-  The  media  are  filled  into  flasks  with  cotton 
wool  on  the  botton,  3-5  g  of  millet  being  added  for  growing  of  the 
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botulism  bacillus. 


Casein  medium.  40#  casein  hydrolyzate  is  taken,  5 6#  water  added, 
mixed  and  heated  to  80°.  3#  corn  extract  and  sodium  chloride  to  0.5# 
is  added,  the  mixture  brought  to  pH  ■  7«2  with  a  20#  alkaline  solution 
and  boiled  for  5  minutes.  After  boiling,  the  pH  is  again  adjusted  to 
7.2,  0.1#  Na2HP0^  and  KHgPO^  added,  mixed  and  boiled  for  10  minutes. 
The  medium  is  then  hot  filtered  and  sterilized.  Chemical  characteris¬ 
tics  of  the  medium:  total  nitrogen  250-270  mg-#,  protein  nitrogen  100- 
109  mg-#,  amine  nitrogen  90-100  mg-#.  The  ready  medium  is  filled  into 
test  tubes  and  flasks  with  cotton  wool. 

Casein- vegetable  medium  for  growing  Cl.  tetanl  and  producing  tet¬ 
anus  toxin  (I.N.  Vinogradova,  V.  A.  Petrenko,  P. F.  Tsurikov,  N.  A.  Pal- 
ldLna,  N. 0.  Martinelli,  1958).  Hydrochloric  acid  casein  hydrolyzate  is 
used  as  the  basis  for  this  medium. 

To  prepare  the  hydrolyzate,  800  g  casein,  10  liters  water  and 
360  mi  chemically  pure  concentrated  HC1  are  filled  into  a  20  liter 
flask.  The  hydrolysis  is  carried  out  in  the  autoclave  at  127°  for  2 
hours.  At  38-40°,  the  hydrolyzate  is  made  alkaline,  using  universal  in¬ 
dicator,  to  pH  -  4. 7,  the  precipitated  protein  filtered  off  by  passing 
through  a  cloth,  and  the  hydrolyzate  diluted  with  water,  adding  50  lit¬ 
ers  water  to  100  liters  of  hydrolyzate,  so  that  the  peptone  concentra¬ 
tion  in  the  diluted  hydrolyzate  does  not  exceed  3#-  To  clarify  the  hy¬ 
drolyzate,  activated  charcoal  is  added  (about  2  kg  charcoal  for  100 
liters),  the  mixture  boiled  for  10  minutes  and  the  hydrolyzate  filter¬ 
ed  through  a  dense  linen  filter.  The  clarified  hydrolyzate  contains: 
total  nitrogen  450-470  mg-#,  aftlne  nitrogen  190  mg-#,  peptone  3#. 

Yeast  extract  and  bran  autolysate  are  used  as  growth  factors. 

The  yeast  extract  is  prepared  in  the  following  manner:  250  g  of 
pressed  baker's  yeast  is  ground,  suspended  in  1  liter  of  distilled 
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water,  boiled  with  constant  stirring  until  the  foam  has  settled  (about 
5  minutes)  and  filtered  through  linen.  1#  chloroform  Is  added  and  the 
extract  shaken  carefully  and  stored  In  the  dark. 

Bran  autolysate :  2  kg  wheat  bran,  12  liters  town  water  and  1# 
chloroform  are  filled  Into  20  liter  carboys.  The  extraction  and  auto¬ 
lysis  are  carried  out  at  a  tenyerature  of  45*  for  12-14  hours.  The  mix¬ 
ture  Is  stirred  from  time  to  time,  the  solution  then  decanted,  filter¬ 
ed  through  cloth  and  used  on  the  same  day  for  the  preparation  of  the 
medium. 

To  prepare  the  medium,  40  liters  of  yeast  extract  and  12  liters 
of  bran  autolysate  are  added  to  100  liters  of  neutralized  casein  hydro- 
lyzate.  The  concentration  of  amino  nitrogen  1s  brought  to  100-120  mf-# 
by  dilution.  The  mixture  is  heated  to  boiling,  0.05#  NagHPO^  and  0.05# 
KHgPO^  added,  the  pH  adjusted  (7.3),  boiled  10  minutes  and  the  pH  again 
checked. 

The  broth  is  then  filtered  through  cloth,  poured  into  test  tubeB 
or  flasks  with  cotton  wool  on  the  bottom  and  sterilized  at  110°  for  30 
minutes.  The  pH  of  the  ready- to-use  broth  is  7. 1-7. 2,  the  total  nitro¬ 
gen  content  350-380  mg-#,  that  of  protein  nitrogen  5-8  mg-#,  peptone 
1*3-1. 5  mg-#,  amino  nitrogen  110-120  mg-#. 

Casein- fungus  medium  for  growing  Cl.  botullnum  of  types  A,  B,  C, 
and  E  (T.I.  Bulatova,  I.N.  Vinogradova,  K. I.  Matveyev,  1959).  Prepara¬ 
tion  of  casein-fungus  hydrolyzate.  8  kg  casein  and  100  liters  town 
water  are  mixed.  The  mixture  Is  gradually  heated  almost  to  boiling 
with  constant  addition  of  alkali  until  a  pH  of  8. 3-8. 4  Is  attained 
(this  corresponds  to  a  pale-rose  color  with  phenol phtalein).  During 
this  procedure  the  casein  forms  a  colloidal  solution.  The  solution 
thus  obtained  Is  acidified  with  HC1  to  pH  «=  7.0 ,  cooled  to  45°  and 
2  kg  fungus  protease  added.  The  process  of  hydrolysis  requires  a  tem- 
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perature  of  45-58°  and  a  pH  -  7. 0.  3-4  hours  later,  when  the  concentra¬ 
tion  of  amino  nitrogen  has  attained  210-280  mg-£  and  that  of  the  pep¬ 
tone  2.5-3&  the  hydrolysis  Is  terminated.  1  liter  of  glacial  acetic 
aold  Is  added  and  the  hydrolysate  boiled  10  minutes  and  filtered 
through  linen.  The  hydrolysate  Is  used  on  the  same  day  or  Vf>  chloro¬ 
form  la  added  and  It  Is  stored  at  10°.  The  hydrolyzate  contains:  total 
nitrogen  750  mg-£,  amino  nitrogen  200  mg-£,  peptone  2-2. 5 

Technology  of  the  preparation  of  fungus  protease,  The  process  of 
preparing  fungus  protease  consists  of  two  stages:  the  production  of  a 
culture  of  Aspergillus  terrlcola  for  inoculation  and  the  proliferation 
of  this  culture  under  production  conditions. 

Preparation  of  Inoculation  material  under  laboratory  conditions 
in  the  form  of  a  culture  of  Aspergillus  terrlcola  on  wort  agar  In  test 
tubes  (stock  fungus).  The  culture  used  for  mass  inoculation  Is  a  strain 
of  the  fungus  Aspergillus  terrlcola,  kept  on  wort  agar. 

Preparation  of  wort  agar.  The  process  of  preparing  wort  agar  con¬ 
sists  of  the  three  following  stages:  germination  of  barley  or  oats, 
preparation  of  wort  from  the  malt  and  of  a  solid  medium  from  the  wort. 

Preparation  of  malt.  1.  The  barley  or  oat  grains  are  soaked  for 
24  hours  In  town  water,  the  water  Is  then  pressed  out  and  the  grain 
left  to  germinate  In  a  dark  place  for  8-10  days,  mixing  It  from  time 
to  time. 

2.  The  germination  Is  complete  when  the  length  of  the  shoots  at¬ 
tains  3/4  of  the  length  of  a  grain. 

3*  The  green  malt  thus  obtained  Is  passed  through  a  meat  grinder, 
dried  In  the  thermostat  until  It  Is  air  dry  and  used  as  needed. 

Preparation  of  the  wort.  1.  One  part  by  weight  of  malt  is  mixed 
with  four  parts  town  water. 

2.  The  saccharification  Is  carried  out  on  the  water  bath  with  con- 
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stant  stirring  and  observation  of  the  following  temperature  conditions: 

1)  The  mixture  Is  heated  to  45°  and  allowed  to  stand  at  this  tem¬ 
perature  for  30  minutes. 

2)  The  temperature  Is  raised  to  52°  the  mixture  left  for  30  min¬ 
utes  at  this  temperature. 

3)  The  temperature  Is  raised  to  58°  and  the  mixture  left  for  one 
hour  at  this  temperature. 

4)  The  temperature  of  the  mixture  Is  raised  to  62°  and  this  tem¬ 
perature  maintained  until  the  saccharification  of  the  starch  Is  com¬ 
plete  (about  3  hours).  The  process  of  saccharification  is  considered 
to  be  terminated  as  soon  as  a  violet  no  longer  appears  upon  mixing  of 
the  test  solution  with  Lugol  solution  or  1^100  iodine  solution. 

3-  The  wort  thus  obtained  Is  heated  to  boiling  and  boiled  for  20 
minutes,  then  town  water  Is  added  to  restore  the  original  volume  and 
filtered  hot  through  a  layer  of  gauze  and  cotton  wool.  After  cooling 
1 #  chloroform  is  added  and  the  solution  left  to  Btand  for  24  hours. 

4.  The  remaining  wort  Is  decanted  and  used  for  preparing  wort 
agar.  When  It  Is  necessary  to  store  the  wort  for  some  time,  it  Is  ster¬ 
ilized  at  110°  for  30  minutes. 

Preparation  of  wort  agar.  1.  The  wort  is  diluted  with  town  water 
in  such  a  manner  that  the  sugar  concentration  is  equal  to  4-5#  ms  de¬ 
termined  by  the  Balling  method  (the  best  undiluted  wort  contains  nor¬ 
mally  12-15#  sugar). 

2.  2.5-3#  agar-agar  is  added,  heated  until  completely  dissolved, 
boiled,  filtered  and  filled  In  a  quantity  of  5  mi  Into  sterile  test 
tubes  or  flasks. 

3-  It  is  sterilized  3  times  in  steam  or  1  time  at  110°  for  30  min¬ 
utes. 

t'roIJ  i c-ratlon  of  the  fungus  culture.  1.  Slanted  wort  agar  is  inoc- 
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ulated  once  a  month  with  the  yeast  culture  and  grown  for  6-8  days  at  a 
temperature  of  28-30°.  By  this  time,  the  culture  has  assumed  an  orange 
or  light-brown  color  because  It  is  copiously  covered  with  spores. 

2.  The  spore  culture  is  transferred  to  storage  at  room  tempera¬ 
ture  and  used  as  needed  for  mass  inoculation  of  bran  (suing  the  agar 
culture  from  two  test  tubes  for  one  tray). 

Preparation  of  yeast  protease  (by  the  method  of  I.N.  Vinogradova). 

1.  Wheat  bran  is  moistened  with  water,  using  320  mi  per  400  g  of 
bran,  carefully  mixed  to  avoid  the  formation  of  clumps,  sterilized  in 
the  autoclave  at  120°  for  15  minutes  and  transferred  to  stainless  steel 
or  galvanized  iron  trays  with  dimensions  of  700  x  25  x  10  cm. 

400  g  of  dry  bran  is  placed  on  each  tray  and  inoculated  with  the 
suspension  of  spores,  obtained  after  washing  out  the  culture  on  wort 
agar  (from  two  test  tubes)  with  100  mi  of  physiological  salt  solution. 
The  Inoculated  bran  is  then  carefully  levelled  in  such  a  manner  that 
it  does  not  touch  the  walls  of  the  tray.  The  thickness  of  the  bran 
xyer  is  l-l£  cm.  The  trays  are  covered  with  gauze  and  sheet  metal. 

2.  The  trays  are  placed  into  a  well  aerated  thermostat  at  a  tem¬ 
perature  of  26-28°  for  18-20  hours,  then  transferred  on  the  5- 8th  day 
to  a  thermostat  held  at  a  temperature  of  18°. 

The  following  conditions  must  be  observed  during  growing.  The 
yeast  is  transferred  to  a  room  with  a  temperature  of  18°  when  copious 
mycelium  appears  (down  to  the  bottom). 

The  culture  should  have  a  grayish-white  appearance  by  this  time. 
During  the  further  growth  after  the  transfer  of  the  mycelium,  the  cul¬ 
ture  becomes  white,  in  proportion  to  the  development  of  the  fungus, 
drops  of  water  accumulate  on  the  underside  of  the  sheet  metal. 


To  prevent  them  from  dropping  into  the  trays,  the  cover  sheets 
are  turned  over  from  time  to  time.  On  the  fifth  day,  the  cover  sheets 
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are  removed.  On  the  seventh  day,  the  process  of  fungus  growing  Is  con¬ 
sidered  to  be  terminated. 

By  this  time  the  culture  Is  permeated  by  orange  spores  down  to 
the  bottom.  It  Is  left  another  3-4  days  at  18°  for  drying  out  until  It 
is  transformed  into  a  practically  dry  mass  which  contains  the  complex 
of  proteolytic  enzymes.  It  Is  used  as  fungus  protease. 

3.  Hie  yield  of  fungus  protease  is  50#  of  the  weight  of  the  dry 
bran,  its  activity  according  to  Fuld- Gross  being  10,000  units. 

4.  For  the  purpose  of  storage,  the  fungus  protease  is  filled  from 
the  trays  into  paper  bags  and  transferred  to  a  dry,  refrigerated  room. 

It  can  be  kept  under  these  conditions  for  2-3  years. 

To  prevent  the  spores  from  being  dispersed  and  getting  into  the 
organism  of  the  personnel,  the  following  precaustions  are  taken: 

a)  the  workers  wear  gas  masks  which  protect  them  from  dust  during 
the  transfer  of  material; 

b)  before  transporting  the  fungus  protease  to  the  reaction  vessel 
or  boiler  where  the  hydrolysis  is  carried  out,  it  is  moistened  with 
water. 

Preparation  of  the  broth.  To  prepare  100  liters  of  broth,  50  lit¬ 
ers  of  casein-fungus  hydrolyzate,  35  liters  of  10#  yeast  extract,  and 
15  liters  of  20#  corn  extract  are  taken.  The  pH  is  adjusted  to  7.8. 

i 

i 

The  mixture  is  boiled  for  20  minutes,  the  pH  checked  and,  if  necessary, 
adjusted  by  addition  of  alkali.  The  medium  is  then  filtered  through 
linen,  filled  into  test  tubes  and  flasks  with  cotton  wool  or  millet 
and  sterilized  at  110°  for  30  minutes.  After  the  sterilization,  the  pH 
is  7-6. 

Medium  from  acid  casein  hydrolyzate  for  growing  Cl.  botullnum 
type  C  (K.I.  Matveyev,  T. I.  Bulatova,  Ye.  K.  Petrova,  1952,  1955).  To 
prepare  this  medium,  20#  hydrochloric  acid  casein  hydrolyzate  and  76# 


water,  are  carefully  mixed  and  heated  to  80°,  3#  com  extract  and  0.4# 
NaCl  added,  the  mixture  adjusted  to  pH  -  7.2  with  20#  NaOH  solution, 
0.1#  each  of  Na2HP0^  and  KHgPO^  added,  mixed  and  boiled  for  10  minutes. 
It  Is  hot  filtered  and  sterilized  at  110°  for  30  minutes. 

Meat  media 

Medium  of  P.M.  Oluzman.  M. P.  Chervyakov  and  Q. M.  Staroblneta  for 
producing  tetanus  toxin.  To  1  kg  of  ground  horse  meat  or  beef  2  liters 
of  water  are  added  and  allowed  to  soak  for  24  hours.  The  meat  suspen¬ 
sion  In  water  Is  then  boiled  30  minutes  and  pressed  out  In  a  linen  bag. 
To  the  meat  which  remains  In  the  bag  water  Is  added  in  a  ratio  of  1:3 
and  1-3#  chemically  pure  hydrochloric  acid  added  to  It,  after  which  It 
Is  autoclaved  for  an  hour  under  a  pressure  of  2  atmospheres.  The  paste- 
llke  mass  Is  then  boiled  for  another  10  minutes  and  filtered  hot 
through  cotton  wool.  The  slightly  turbid  liquid  obtained  after  filtra¬ 
tion  Is  mixed  In  a  ratio  of  1:1  with  aqueous  meat  extract,  0.5#  com¬ 
mon  salt  added  and  boiled  for  10-15  minutes.  After  adjustment  of  the 
pH  to  6.8-7. 0,  the  medium  is  filled  into  test  tubes  and  flasks,  to 
which  boiled  meat  in  small  pieces  or  boiled  sausage  meat  is  added.  The 
sterilization  of  the  medium  is  carried  out  2  times  for  30  minutes:  the 
first  time  at  a  pressure  of  2  atmospheres,  the  second  time  at  a  pres¬ 
sure  of  li  atmospheres.  0.5#  glucose  is  added  to  the  medium  before  the 
Inoculation. 

Martin  broth.  1.  ft*esh  pig's  stomachs  are  freed  of  the  fatty  tis¬ 
sue,  washed  with  warm  town  water,  and  ground  up  together  with  the  sub¬ 
mucosa  and  muscle  layer.  500  g  of  stomach  tissue,  10  mi  hydrochloric 
acid  and  1  liter  of  water  heated  to  50°  are  mixed,  allowed  to  stand  at 
this  temperature  for  12-15  hours,  mixing  it  from  time  to  time  in  the 
earthenware  or  porcelain  vessel.  The  mixture  is  then  heated  to  80°, 
the  fat  removed,  decanted  with  a  siphon,  heated  to  80°,  neutralized 
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with  concentrated  caustic  soda  solution  and  filtered  through  paper. 

Die  neutral,  clear  liquid  which  should  contain  about  peptone,  is 
bottled  and  sterilized  in  steam  for  30  minutes  on  each  of  3  successive 
days. 

2.  A  mixture  of  equal  parts  of  veal  and  beef  is  soaked  for  20 
hours  in  the  ice  box  in  an  equal  quantity  of  water  (by  weight).  The 
aqueous  meat  extract  is  kept  at  45°  for  an  hour,  then  boiled  30  min¬ 
utes  and  filtered. 

3*  Equal  volumes  of  meat  extract  and  Martin  peptone  are  mixed, 

10  g  glucose  per  1  liter  of  medium  added,  made  slightly  alkaline  by 
addition  of  soda  solution,  boiled  10  minutes,  filtered  through  paper, 
bottled  and  sterilized  for  one  hour  at  100°  on  each  of  3  days. 

Veynberg  broth  for  growing  anaerobic  bacteria  and  producing  tox¬ 
ins.  To  1  kg  of  beef  heart  which  has  been  passed  through  a  meat  grind¬ 
er,  1  liter  water  is  added,  slowly  heated  to  boiling,  cooled  and  the 
fat  removed.  400  g  of  pig's  stomach,  400  g  liver,  40  g  hydrochloric 
acid,  4  liters  water,  heated  to  50%  are  mixed,  allowed  to  stand  at 
this  temperature  for  18-24  hours,  kept  at  100°  for  10  minutes,  decant¬ 
ed,  filtered,  0.  2%  disodiumphosphate  added  and  the  pH  adjusted  to  7.4. 

1  liter  of  aqueous  extract  from  beef  heart  and  2  liters  peptone 
are  mixed,  the  pH  adjusted  to  7. 8-8. 2,  and  sterilized  at  120°  for  30 
minutes. 

The  broth  is  filled  into  test  tubes  and  flasks.  Pieces  of  cooked 
liver  are  added  to  the  broth  in  the  test  tubes  and  flasks,  covered  with 
a  0.5  cm  thick  layer  of  vaseline  oil  and  then  sterilized  at  120°  for  30 
minutes.  0. 5#  glucose  is  added  to  the  broth  prior  to  inoculation. 

Pope  and  Smith  tryptic  digestion  broth  for  culturing  anaerobic  ba¬ 
cteria  and  producing  toxins.  900  g  of  sausage  meat  made  from  fresh  meat 
is  mixed  with  1  liter  water,  heated  to  80°,  2  liters  cold  water  added, 
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brought  to  pH  8.0  by  addition  of  anhydrous  soda  and  placed  Into  the 
thermostat  at  50°.  Every  half  hour  for  6  hours  one  adds  for  each  liter 
of  decoction  2  mi  of  trypsin  emulsion,  prepared  in  the  following  man¬ 
ner:  to  800  g  pancreas  gland  which  has  been  freed  of  the  connective 
tissue  and  ground  up,  2.4  liters  of  distilled  water  and  1  liter  of  me¬ 
thanol  are  added;  3  days  later,  0.1#  concentrated  hydrochloric  acid  i3 
added  to  this  mixture.  A  week  later  the  suspension  is  ready  for  use 
(it  should  be  stored  in  a  dark,  cool  place). 

The  digestion  of  the  sausage  meat  is  carried  out  at  50°  with  con¬ 
stant  stirring,  maintaining  the  pH  of  the  liquid  at  8.0.  After  6  hours, 
1#  glacial  acetic  acid  is  added  and  the  mixture  boiled  30  minutes  and 
filtered  through  cotton  gauze.  It  id  placed  into  a  refrigerator  at  5-6° 
overnight;  the  following  day  it  is  heated  to  30°  and  a  pH  of  7-0  estab¬ 
lished  by  means  of  a  40#  caustic  soda  solution.  2  g  dry  yeast  is  made 
into  an  emulsion  with  1  liter  medium,  the  temperature  held  at  30°  for 
an  hour,  the  pH  adjusted  to  8.0,  heated  to  60°,  0.3#  maltose  added  and 
;ltered  through  paper.  It  is  then  poured  into  test  tubes  and  flasks, 
a  0.5  cm  thick  layer  of  sterile  vaseline  poured  over  it,  and  sterilized 
in  steam  for  30  minutes  on  each  of  3  successive  days.  The  best  toxin  is 
obtained  when  the  broth  contains  140  to  160  mg-#  of  amine  nitrogen. 

Hottlnger  broth:  a)  Preparation  of  meat  digest  according  to  Hot- 
tinger. 

Recipe : 

65  kg  lean  sausage  meat 
100  liters  town  water 

10  kg  ground  pancreas  (pickled  pancreas  may  be  used) 

2  liters  chloroform 
20#  NaOH 

.  The  raw  sausage  meat  is  dropped  into  hot  water,  stirred,  made 
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alkaline  to  pH  8. 6-8. 4  with  mixing,  boiled  10  minutes  and  filtered  and 
the  sausage  meat  pressed  out. 

2.  The  filtered  meat  Infusion  Is  cooled  to  45*  (to  prevent  Inac¬ 
tivation  of  the  enzyme),  then  made  alkaline  to  pH  8,4-8. 6  using  phenol- 
phtaleln  and  10  liter  portions  poured  Into  18-20  liter  carboys,  thus 
filling  them  to  not  more  than  2/3  of  their  volume. 

3<  6.5  kg  of  boiled  pressed-out  sausage  neat  Is  put  Into  each 
carboy,  1  kg  pancreas  gland  (100  g  per  1  liter  of  liquid)  and  thorough¬ 
ly  mixed. 

4.  200  mi  chloroform  Is  added  to  each  carboy  (20  mi  per  1  liter 
of  liquid),  then  they  are  closed  with  rubber  stoppers  and  again  shaken 
carefully.  The  stoppers  are  then  taken  out,  the  chloroform  vapor  al¬ 
lowed  to  escape,  then  closed  again  and  placed  into  the  thermostat  at 
37-45°  for  5-10  days. 

5.  1-2  days  later,  a  sample  is  taken  (a  mixture  from  all  carboys) 
to  determine  the  amine  nitrogen  and  tryptophan  concentration.  The  pH 
is  checked  every  day  in  each  carboy  and  when  this  is  found  to  have  de¬ 
creased,  it  is  adjusted  to  8. 4-8. 6  (using  phenolphtaleln,  until  a  weak 
rose-red  color  appears  or  with  bromothymol  blue  until  a  distinct  blue 
color  appears). 

6.  5-10  days  later,  the  meat  pulp  Is  transformed  Into  a  homogene¬ 
ous  grayish  precipitate,  with  a  clear  supernatant  liquid,  which  has  a 
straw  color  when  the  digestion  has  been  carried  out  correctly.  At  about 
this  time,  the  pH  Is  stabilized  around  8. 4-8.6  and  the  amine  nitrogen 
concentration  is  900-1200  mg-%.  The  free  tryptopnan  concentration,  at¬ 
taining  a  maximum  of  200-300  mg-£,  begins  to  decrease.  This  Indicates 
that  the  peptone  is  ready  for  use  because  further  protein  decomposition 
reduces  the  quality  of  the  medium.  The  hydrolysate  is  then  transferred 
to  a  cool  room  (+8  to  +10°)  for  storage  (the  enzyme  is  not  inactivated). 


b)  Preparation  of  the  broth. 

Hottlnger  hydrolyzate  20  liters 
Aqueous  neat  extract  1:2,  40  liters 
20#  NaOK  solution 

Hydrochloric  acid,  300-400  mi  for  clarifying  the  medium 
The  mixture  is  heated  to  boiling,  pH  7.6.  0.5#  NaCI  is  added.  It 
is  filled  into  test  tubes  and  flasks  containing  pieces  of  boiled  meat 
and  sterilized  at  120°  for  30  minutes. 

Setnlllquld  medium.  For  growing  Cl.  botulinum,  Hottlnger  broth  or 
pepsine-peptone  may  be  used  as  a  base,  for  Cl.  perfrlngens .  Veynberg 
or  Pope  brothJ  1 

0.1#  agar  and  0.4#  gelatin  is  added  to  the  medium.  The  medium  in 
the  test  tubes  is  covered  with  a  0.5  cm  thick  layer  of  vaseline  oil, 
and  3-5  g  of  boiled  meat  placed  on  the  bottom.  The  medium  is  then  ster¬ 
ilized  for  20  minutes  at  120°. 

Blood  sugar  agar.  100  mi  of  2#  agar  made  up  with  Hottlnger  broth 
.'or  Cl.  botulinum)  or  with  Veynberg  broth  (for  Cl.  perfrlngena )  is 
,-elted,  cooled  to  45°  and  then  10-15  mi  of  freshly  taken  sterile  de- 
fibrinated  rabbit,  sheep* s  or  bovine  blood  and  10  mi  of  20#  sterile 

glucose  solution  added.  The  mixture  is  shaken,  avoiding  the  formation 

! 

of  foam  and  bubbles  tod  poured  into  Petri  dishes.  The  dishes  are  dried 
In  the  thermostat  or  in  a  box  containing  an  ultraviolet  lamp  until  the 
condensate  is  removed. 


This  medium  can  be  used  for  isolating  pure  cultures  of  anaerobes. 

,  Agar  for  inoculation  of  a  high  column.  To  Hottlnger,  Veynberg  or 
"cpe  broth,  1.5-2#  agar  and  1#  glucose  are  added,  the  pH  adjusted  to 
f. 4-7.6,  poured  into  narrow  (20  x  0.8-1  cm)  thinwalled  test  tubes  and 
sterilized  for  20  minutes  at  115°. 

Leclthovltellln  medium.  40  g  heart  extract  or  peptic  liver  hydro- 
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lyzate,  5  E  dlaodlum  phosphate,  2  g  sodium  chloride,  0.01  g  magnesium 
sulfate,  2  g  glucose  and  25  g  agar  are  added  to  1  liter  water;  the  me¬ 
dium  Is  brought  to  pH  7.6.  Following  sterilization  and  cooling  to  50°, 
0.1  part  of  a  suspension  of  egg  yolk  Is  added  to  this  medium.  Prepara¬ 
tion  of  the  suspension:  the  yolk  Is  aseptlcally  removed  from  a  fresh 
egg  and  a  suspension  of  It  made  with  an  equal  volume  of  sterilized 
physiological  salt  solution. 

lhe  colonies  of  Cl.  perfrlngens  on  this  medium  have  a  diameter  of 
3-5  mm,  are  elevated,  smooth  and  surrounded  by  a  precipitation  zone. 

Wllson-Blalr  medium.  10  mi  of  20#  sodium  sulfite  solution  and  1  mi 
ferrous  chloride  are  added  to  100  mi  of  melted  and  then  cooled  (to  60°) 
alkaline  agar  made  up  with  Veynberg  or  Pope  broth  and  1#  glucose.  The 
ferrous  chloride  solution  Is  made  up  with  distilled  water  and  the  sodi¬ 
um  sulfite  solution  Is  sterilized  for  an  hour  In  steam.  The  medium  is 
filled  Into  test  tubes  In  a  quantity  of  7  mi  for  each;  the  anaerobes 
grow  In  black  colonies,  often  causing  a  complete  blackening  of  the  me¬ 
dium.  Black  colonies  are  formed  by  some  anaerobes  (S.  tup hi,  S.  schott- 
muellerl,  etc. )  because  of  the  reduction  of  the  sodium  sulfate  to  sodi¬ 
um  sulfide,  which  by  reacting  with  the  ferrous  chloride,  form  a  black 
precipitate  of  Iron  sulfide.  The  sodium  sulfite  can  be  replaced  by  so¬ 
dium  thiosulfate  and  the  ferrous  chloride  by  ferrous  sulfate.  Cl.  per- 
frlngens.  Cl.  septlcum.  and  Cl.  Bporogenes  have  the  property  of  reduc¬ 
ing  the  sodium  sulfite  in  this  medium.  They  give  colonies  with  an  In¬ 
tense  black  color.  Cl.  tetanl ,  and  Cl.  hlstolytlcum  form  greenish-black 
colonies;  Cl.  perfrlngens  forms  black  colonies  very  quickly  (within  4 
hours  of  inoculation). 

Combined  medium  consisting  of  Wllson-Blalr  medium  and  blood  agar 
(B. D.  Bychenko,  1961).  To  obtain  iron-sulfite  agar,  a  10#  NagSO^  solu¬ 
tion  Is  made  up  first  (sterilization  with  live  steam  for  an  hour),  8# 
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Fe Cl j  solution  in  distilled  water  and  8#  lead  acetate  emulsion.  10  mi 
of  the  hot  Na^O^  solution  is  added  to  100  mi  of  2#  melted  nutrient 
agar,  made  up  with  Veynberg  or  Pope  broth,  and  then,  after  cooling  to 
56°,  it  is  mixed  carefully  with  0.025  mi  of  FeCl^  solution  and  0.5  mi 
of  lead  acetate  suspension.  The  flashed  medium  is  poured  into  Petri 
dishes  in  a  thin  layer  (thickness  1  ran). 

Not  more  than  3-4  mi  agar  is  required  for  one  dish.  The  inocula¬ 
tion  material  is  applied  gently  in  streaks  on  the  solidified  agar 
plate  by  means  of  a  platinum  loop  or  the  end  of  a  Pasteur  pipette. 

With  one  loop,  material  is  applied  to  3  dishes.  The  cultures  are  then 
quickly  covered  with  a  thin  layer  of  blood  agar  and  placed  into  an  an- 
aerostat  at  37°  under  complete  vacuum.  Most  bacteria  develop  in  the 
depth  of  the  blood  agar.  Only  6-8  hours  after  fresh  cultures  of  Cl. 
perfringens  have  been  grown,  the  growth  of  toxigenic  colonies  is  ap¬ 
parent  by  the  hemolysis  of  the  upper  plate  and  the  blackening  of  the 
Lower  agar  plate.  If  the  Cl.  perfringens  colonies  do  not  secrete  hemo¬ 
lysin,  they  can  be  still  readily  detected  by  the  blackening  of  the 
lower  agar  plate.  If  a  vacuum  apparatus  Is  not  available,  another  layer 
of  simple  2 #  agar  is  poured  into  the  dishes  (in  a  layer  of  not  less 
than  2  mm  thickness  to  create  anaerobic  conditions)  and  after  solidi¬ 
fication  of  the  agar,  the  dishes  can  be  Incubated  at  37*  in  a  conven¬ 
tional  thermostat,  the  dishes  with  the  cultures  being  inverted;  16 
hours  later,  the  colonies  of  the  toxigenic  strains  of  £1.  perfringens 
are  visible  In  strong  transmitted  light  in  the  form  of  smoke-gray  or 
black  formations  which  are  surrounded  by  a  hemolysis  zone. 

Medium  for  determining  the  saccharolytlc  properties  of  anaerobes. 
0.5#  agar  Is  added  to  100  mi  of  peptone  water,  sterilized  at  120°  for 
20  minutes,  then  1#  of  the  test  carbohydrates  is  added  and  1  mi  Andrede 
indicator  and  the  pH  brought  to  7. 2-7.4.  The  medium  is  filled  into  test 
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tubes  and  sterilized  at  115°  for  15  minutes.  The  same  medium  can  be 
used  without  agar  but  In  that  case,  a  0.5  cm  layer  of  vaseline  oil 
must  be  poured  over  the  medium  In  the  test  tube  before  sterilizing. 

Willis  and  Hobbes  medium.  The  mixture  (400  mi  Hottlnger  broth, 

4. 8  g  agar,  4.8  g  lactose  and  1.3  mi  of  a  solution  of  neutral  red)  Is 
autoclaved,  cooled  to  50-55°  and  15  mi  of  a  yolk  suspension  (hen's  egg 
yolk,  mixed  with  an  equal  volume  of  physiological  salt  solution)  and 
60  mi  of  sterile  skim  milk  are  added. 

Benzidine  agar.  Benzidine  agar  (0.25  6  benzidine,  0.3  mi  1  N  hy¬ 
drochloric  acid,  50  mi  water)  are  sterilized  by  boiling  and  the  solu¬ 
tion  added  to  sterile  nutrient  agar,  using  10  mi  of  the  solution  for 
100  mi  of  agar. 

It  Is  absolutely  essential  to  pour  a  layer  of  liquid  vaseline  oil 
with  a  thickness  of  0.25-0.5  cm  over  all  liquid  media  In  test  tubes 
and  flasks  prior  to  sterilization.  Before  the  Inoculation,  all  liquid 
media  must  be  regenerated  by  boiling  for  15  minutes  in  order  to  remove 
the  oxygen. 

LEISHMANIASIS 

Sh.  D.  Moshkovskly,  Professor,  Associate  Member  of  the  AMN  USSR,  and 
Ye.  A.  Pavlova,  Candidate  of  Medical  Sciences 

The  pathogenic  agents  are  parasites  from  the  class  of  Plagellata. 
Lelshmanla  tropica  and  L.  donovanl . 

Test  material;  selection  of  samples 

When  nonulcerous  nodes  of  patients  with  the  skin  form  of  Leish¬ 
maniasis  are  to  be  examined  (pathogenic  agent  L.  tropica),  the  skin  is 
rubbed  with  alcohol  and  pricked  so  as  to  hit  the  center  of  the  node. 
Smears  are  prepared  on  object  glasses  from  the  serosangulnous  drop 
which  emerges,  dried,  fixed  and  stained  by  the  Romanovskiy  method. 

When  ulcers  with  copious  secretions  are  examined,  it  is  not  recom- 
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mended  to  take  material  for  the  Investigation  from  the  surface ,  be¬ 
cause  the  profuse  bacterial  flora  and  the  large  number  of  decomposed 
cells  obscures  the  picture,  lhe  raised  nonulcerous  edge  of  the  ulcer 
should  be  pricked  with  a  needle  or  thin  scalpel  In  the  direction  of 
the  base  of  the  ulcer.  Smears  are  prepared  from  the  emerging  serosan- 
gulnous  drop,  dried,  fixed  and  stained  by  the  Romanovskly  method. 

In  presence  of  the  Internal  form  of  leishmaniasis  (pathogenic 
agent  L.  donovanl ) .  a  specimen  of  bone  marrow  obtained  by  puncture 
(the  sternum  Is  usually  punctured  at  the  level  of  the  3rd-4th  rib)  or 
from  an  enlarged  lymph  node  Is  subjected  to  examination.  A  smear  la 
made  from  the  puncture  fluid  on  an  object  glass,  dried,  fixed  with  al¬ 
cohol  (methyl  or  ethyl)  and  stained  by  the  Romanovskly  method. 
Microscopic  examination 

The  stained  smears  are  examined  using  an  Immersion  lens  system. 
The  lelshmanla  forms  of  the  parasite  can  be  detected  In  the  smears. 
These  stages  of  the  parasite  have  a  spherical  or,  more  frequently,  an 
/old  shape.  Dimensions  2-4  x  1.5-2. 5  The  single  nucleus  Is  in  the 
enter  of  the  cell,  close  to  It  there  Is  the  klnetoplast  (blepharo- 
plast)  In  the  form  of  a  short  rod  or  large  coccus.  Romanovskly  stain¬ 
ing  imparts  a  blue  color  to  the  cytoplasm,  a  red  color  to  the  nucleus, 
while  the  blepharoplast  Is  stained  a  cherry  red  which  is  darker  than 
that  of  the  nucleus. 

The  parasites  are  seen  in  the  preparation,  partly  free  and  partly 
enclosed  In  the  cytoplasm  of  large  mononuclear  cells  of  the  type  of 
macrophages  and  other  retlculo-endothellal  cells. 

Bacteriological  examination 

The  serosangulnous  fluid  from  a  papula  or  ulcer  is  used  to  inoc¬ 
ulate  NNN  medium. 

The  inoculation  with  the  test  material  Is  carried  out  Into  con- 
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densation  liquid,  part  of  which  is  then  distributed  over  the  agar  sur¬ 
face.  The  seeded  test  tubes  are  kept  at  a  temperature  of  22-25°.  To 
prevent  drying  out  of  the  medium,  hot  paraffin  is  poured  over  the  cot¬ 
ton  wool  stoppers  of  the  test  tubes.  A  growth  in  the  form  of  small 
transparent  colonies  which  then  fuse,  are  seen  on  the  3-4th  day.  A 
large  number  of  lelshmanla  is  also  observed  in  the  condensation  liquid. 
The  culture  can  be  kept  for  3-4  weeks  and  longer  without  reinoculation 
(provided  the  stoppers  are  properly  sealed  with  paraffin).  Reinocula¬ 
tion  is  carried  out  by  taking  individual  colonies  from  the  agar  sur¬ 
face  with  a  loop  and  placing  them  into  test  tubes  with  fresh  medium  on 
the  agar  surface  together  with  a  small  proportion  of  the  condensation 
liquid. 

The  leishmania  are  present  in  a  culture  in  the  Leptomonas  form. 
They  have  an  elongated,  lanceolate  body  with  a  size  of  10-14  x  4-5  u» 
a  nucleus  in  the  central  part  of  the  body  and  a  blepharoplast  near  to 
the  anterior  end  of  the  body  of  the  parasite.  Starting  out  from  the 
blepharoblast  and  issuing  from  the  anterior  end  of  the  cell  body  are 
cilia  whose  length  is  li  that  of  the  body  of  the  paraBlte.  Part  of  the 
Leptomonas  forms  are  often  collected  into  a  rosette  (cilia  directed  in¬ 
wards),  formed  of  10-15  individuals.  Forms  without  cilia,  in  the  form 
of  elliptical,  sometimes  almost  circular  formations  with  a  size  of 
4x5m-  can  be  observed  in  old  cultures. 

Serological  examination 

The  serological  tests  with  specific  antigen  are  carried  out  in 
accordance  with  the  method  of  the  complement- fixing  test.  The  antigen 
for  this  test  is  represented  by  disintegrated  bodies  of  L.  donovanl 
from  a  culture  or  from  the  spleen  of  an  Infected  animal.  Ofing  to  the 
d' ^ficulty  of  preparing  the  antigen,  this  test  has  found  only  limited 
application. 
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Nonspecific  serological  reactions.  Formol  reaction:  a  drop  of  com¬ 
mercial  formalin  Is  added  to  1  mi  of  the  patient's  serum.  This  Is  mixed 
and  left  at  room  temperature.  When  the  reaction  Is  positive,  the  serum 
becomes  turbid  and  coagulates.  The  test  result  Is  evaluated  after  an 
Interval  of  30  minutes.  In  cases  of  malaria,  syphilis  or  leprosy,  gel- 
atlnlzatlon  also  takes  place  but  much  later,  within  an  hour  or  even 
later. 

Bramaharl  test:  2-3  mi  distilled  water  Is  added  to  1  mi  of  the  pa¬ 
tient's  serum.  When  the  reaction  Is  positive,  a  milky  turbidity  appears. 
Detection  of  Lelshmanla  by  means  of  the  biological  test 

The  pathogenic  agent  of  the  skin  form  of  Leishmaniasis  (weeping 
form)  of  humans  can  be  transmitted  experimentally  to  white  mice,  ger- 
bils  and  hamsters  (Crlcetulus  mlgratorlus .  Crlcetulus  transcaucaslcus ). 
Lelshmanla  from  an  ulcer  or  a  culture  serve  as  Infection  material.  The 
lelshmanla  from  the  culture  are  Injected  subcutaneously.  When  vaccina¬ 
tion  with  lelshmanla  from  an  ulcer  Is  carried  out,  a  piece  of  granular 
asue  containing  lelshmanla  is  Injected  into  a  skin  pouch,  usually  at 
.ne  base  of  the  tall,  more  rarely  the  auricle  or  the  thigh. 

10-20  days  later,  an  infiltrate  develops  at  the  site  of  injection 
of  the  lelshmanla,  which  contains  the  lelshmanla!  stage  of  the  para¬ 
site. 

Detection  of  the  pathogenic  agent  In  the  environment 

Canine  leishmaniasis.  Cases  of  canine  leishmaniasis  are  found  in 
foci  of  internal  leishmaniasis.  The  skin  form  of  leishmaniasis  Is  ob¬ 
served  on  dogs  in  the  form  of  small  papulae  and  ulcers  situated  at  the 
edge  of  the  lips,  the  auricles,  in  the  region  of  the  eyebrows,  and  the 
visceral  form  which  Invades  the  entire  organism,  including  the  skin, 
where  alopecia  and  ulceration  may  appear  in  different  places.  The  sick 
dogs  sometimes  fall  to  show  any  external  symptoms  of  the  disease,  par- 
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ticularly  when  the  animal  Is  In  the  early  stage  of  the  disease. 

When  examination  for  Internal  leishmaniasis  Is  carried  out,  the 
liver,  spleen,  bone  marrow  and  lymph  nodes  of  the  animal  are  investi- 
gated.  In  presence  of  the  skin  form  of  leishmaniasis,  biopsy  specimens 
(scrapings)  and  smears  are  prepared,  dried  and  stained  by  the  Romanov- 
skiy  method. 

The  leishmanial  forms  of  Lelshmanla  canla.  the  pathogenic  agent 
of  canine  leishmaniasis,  are  detected  In  the  preparations. 

Proliferation  on  the  NNN  medium  takes  place  In  the  leptomonas 

form. 

The  leptomonas  and  leishmanial  forms  of  L.  cards  are  morphologi¬ 
cally  Indistinguishable  from  the  corresponding  fonns  of  L.  tropica  and 
L.  donovanl . 

Examination  of  carriers.  The  females  of  Phlebotomus  which  are  the 
carriers  of  skin  and  Internal  leishmaniases,  are  subjected  to  examina¬ 
tion.  The  winged  phlebotomus  must  be  sought  In  human  habitations  and 
also  In  rooms  where  domestic  animals  and  birds  are  kept,  and  in  vari¬ 
ous  other  buildings.  A  test  tube  with  flat  edge  can  be  used  to  catch 
phlebotomus.  The  Insect,  sitting  on  a  wall.  Is  covered  with  the  test 
tube  and  the  insect  then  pushed  to  the  bottom  of  the  test  tube  by 
means  of  a  cotton  wool  plug.  Up  to  10  live  phlebotomus  can  be  collect¬ 
ed  with  one  test  tube.  Ihe  test  tube  with  the  phlebotomus  must  be  kept 
In  a  dark,  not  too  dry,  cool  place. 

The  female  phlebotomus  In  the  test  tube  are  killed  with  tobacco 
smoke,  sulfuric  ether  or  chloroform.  The  phlebotomus  is  taken  with 
pincers,  the  wings  and  legs  being  torn  off  and  then  placed  on  an  ob¬ 
ject  glass  into  a  drop  of  physiological  salt  solution.  With  two  pre¬ 
pared  needles,  the  chitin  cover  is  broken  between  the  second  and  third 
abdominal  segment  (counting  from  the  tall  end).  One  needle  is  inserted 
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into  the  thorax  and  the  other  into  the  posterior  end  of  the  abdomen 
behind  the  tear.  By  carefully  pulling,  the  needles  are  slowly  moved 
apart.  By  pulling  the  needle,  which  has  been  Inserted  into  the  rear 
end  of  the  abdomen,  the  Internal  organs  are  exposed.  The  stomach  is 
retained  and  the  other  organs  removed  from  the  glass.  The  head  is 
transferred  to  another  glass. 

The  stomach  is  opened  and  examined  in  the  living  state  or  a  stain¬ 
ed  preparation  is  made.  The  tongue  is  removed  from  the  head  of  the  in¬ 
sect.  The  tongue  is  ground  up  with  a  drop  of  physiological  saline  so¬ 
lution  and  examined  in  the  vital  state  or  in  the  stained  form. 

Staining:  the  stomach  contents  and  the  tongue  in  a  drop  of  phys¬ 
iological  salt  solution  are  spread  on  an  object  glass  in  a  thin  layer, 
dried  in  air,  fixed  with  alcohol  (methyl  or  echyl)  and  stained  by  the 
Romanovskiy  method. 

The  leishmania  in  the  carrier  are  present  in  the  leptomonas  form. 
I.'utrlent  Media 

The  NNN  medium  is  prepared  in  the  following  manner:  agar  (14  g 
agar,  6  g  common  salt  and  900  mi  distilled  water)  are  poured  into  test 
tubes  (approximately  3-4  mi  into  each  test  tube),  and  sterilized  in 
the  autoclave.  Approximately  30#  by  volume  of  defibrinated  rabbit  blood 
is  added  to  the  test  tubes  containing  melted  agar  heated  to  about  45- 
50°.  The  medium  is  carefully  mixed  (by  rolling  the  test  tubes  between 
the  palms).  The  test  tubes  are  then  placed  in  a  slanting  position.  Fol¬ 
lowing  the  solidification  of  the  agar,  the  test  tubes  are  placed  into 
the  thermostat  at  37°  for  24  hours  in  order  to  check  their  sterility. 
During  culturing  it  is  essential  to  take  care  to  prevent  bacterial  con¬ 
tamination. 


-  978  - 


ANTHRAX 


Ye.  I.  Sllant'yev,  Candidate  of  Medical  Sciences 

Anthrax  Is  a  severe  acute  Infectious  disease  of  humans  and  ani¬ 
mals,  caused  by  the  specific  rodshaped  spore- forming  microorganism  Ba¬ 
cillus  anthracls.  Depending  on  the  place  of  primary  penetration  and 
the  final  location  of  this  microorganism,  cutaneous  (anthrax,  carbunc- 
ulus  anthracls.  pustula  maligna),  visceral  (pulmonary.  Intestinal)  and 
general  visceral  clinical  forms  of  the  disease  develop. 

Anthrax  can  appear  In  all  continents  and  all  countries  in  connec¬ 
tion  with  the  production,  consumption  and  treatment  of  animal  raw  ma¬ 
terials  (meat,  wool,  hides,  bristles,  etc. )  and  caring  for  sick  ani¬ 
mals. 

Morphology  of  B.  antracls 

The  anthrax  bacillus  is  a  relatively  large  (1-2  x  6-10  pi)  bacilli- 
form,  immobile  microorganism  which  is  readily  gram  stained  and  with 
all  aniline  dyes.  It  forms  short  chains  in  the  organism,  which  are  sur¬ 
rounded  by  a  capsula.  Capsules  are  sometimes  formed  on  artificial  me¬ 
dia  as  well  when  animal  protein  (blood,  serum)  is  added  to  the  medium. 
The  capsule  can  cover  individual  cells  or  several  microbial  cells  si¬ 
multaneously.  In  liquid  nutrient  media  it  is  usually  arranged  in  long 
chains. 

Biology  of  B.  anthracls;  culturing  properties 

The  pathogenic  agent  of  anthrax  is  not  very  demanding  and  is  ca¬ 
pable  of  developing  on  different  laboratory  media,  meat-peptone  agar 
and  broth,  gelatin,  milk,  plant  seed  extracts,  different  carbohydrate 
media  and  also  In  hay  Infusion. 

During  the  growth  of  anthrax  bacillus,  the  broth  remains  clear 
with  a  precipitate  being  formed  on  the  bottom  which  resembles  a  piece 
of  cotton  wool.  On  dense  media,  relatively  large,  dull  colonies  with  a 
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Fig.  120.  Typical  anthrax  colonies  on  agar  under  low  magnification. 
Formation  of  tangled  fibers. 

fibrous  structure  (with  formation  of  threads  from  the  center  of  the 
colony  tc  the  periphery:  "fimbria",  "strands  of  hair",  "lion's  mane", 
etc.)  (Fig.  120). 

The  capsular  form  of  this  microbe  is  the  virulent  R-form.  The 
rowth  optimum  occurs  near  36°. 

When  the  medium  is  exhausted  or  dried  out,  the  vegetative  forms 
of  the  microbe  are  transformed  into  the  spore  forms.  A  single  central 
spores  is  then  formed  in  each  bacillus.  A  necessary  condition  of  spore 
formation  is  access  of  oxygen  and  a  temperature  within  the  range  of 
32-42°.  The  spores  are  not  formed  in  the  patient's  organism  or  in  a 
nondissected  cadaver. 

In  absence  of  oxygen  the  vegetative  forms  grow  only  very  slowly. 
When  an  agar  column  or  gelatin  is  inoculated  by  puncture,  it  grows  like 
an  Inverted  treetopj  the  upper  part  of  the  gelatin  is  liquified  ("but¬ 
ton")  by  a  proteolytic  enzyme  (Fig.  121). 

On  blood  agar,  growth  takes  place  without  hemolysis.  Milk  is  coag- 
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ulated  on  the  2-4th  day  with  subsequent  peptization. 

Most  strains  break  down  galactose,  glucose,  trehalose, 
maltose,  saccharose  (slowly),  levulose,  dextrin,  glycer¬ 
ol  and  salicln  (variably)  with  formation  of  acid  and 
without  gas  formation.  Hydrogen  sulfide  Is  not  always 
formed.  Indole  Is  not  formed. 

When  the  alkalinity  of  a  broth  culture  Is  Increased, 
turbidity  may  appear.  Individual  strains.  In  addition  to 
the  formation  of  the  typical  precipitate  on  the  bottom 
of  the  vessel  with  liquid  medium,  can  cause  moderate  tur¬ 
bidity  of  the  liquid  medium. 

In  addition  to  the  typical  R-form,  smooth  S-colonies, 
dwarf  G-colonles  and  Intermediate  (J-forms  (pignented, 
slimy,  aerosive,  etc.,  colonies)  can  be  isolated  from 
different  materials.  The  shape  of  the  microbes,  the  cul¬ 
turing  and  biochemical  properties,  the  virulence,  etc. ,  are  variable. 

For  example,  growth  may  be  absent  In  gelatin,  while  in  broth  there  may 
be  a  diffuse  turbidity  with  an  amorphous  precipitate.  On  solid  media, 

the  colonies  may  differ  in  their  color,  transparency  and  density. 

« 

New  properties  of  the  anthrax  bacillus  have  been  described  in  the 
la3t  ten  years  such  as  phosphatase  formation;  variability  on  media  con¬ 
taining  penicillin  ("pearlshell  necklace”  test);  fluorescence  under 
the  microscope  when  the  test  materials  are  treated  with  special  lumin¬ 
escent  anthrax  sera;  lysis  of  the  anthrax  microbes  under  the  influence 
of  specific  bacteriophage. 

Resistance  to  physical  and  chemical  factors 

The  vegetative  forms  of  the  microbe  die  relatively  quickly  in  ab¬ 


Fig.  121. 
Anthrax 
culture  on 
meat-pep¬ 
tone  gela¬ 
tin. 


sence  of  oxygen,  particularly  under  the  influence  of  putrefactive  mi¬ 
croorganisms.  Sometimes,  a  pure  culture  can  no  longer  be  obtained  from 
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a  cadaver  a  few  days  after  the  death  of  the  animal.  The  vegetative 
forms  also  killed  quickly  by  heating  to  75-100°  and  the  action  of  var¬ 
ious  disinfectants.  In  contrast  to  this,  the  spore  forms  are  stable. 

In  the  soil  and  on  the  bottom  of  water  reservoirs  the  spores  keep  prac¬ 
tically  Indefinitely,  for  tens  of  years.  Ihey  can  withstand  different 
disinfectants  for  hours.  Most  effective  against  spores  are  disinfect¬ 
ant  combinations  (formalin,  corrosive  sublimate,  bleaching  powder,  etc. ) 
and  also  10^  caustic  soda  solution  and  solutions  of  calcium  hypochlor¬ 
ite,  containing  not  less  than  4#  active  chlorine.  The  effectiveness  Is 
increased  in  proportion  to  the  temperature. 

In  liquid  medium  (broth,  water,  etc. ),  anthrax  spores  are  killed 
by  boiling  at  100°  for  not  less  than  10-20  minutes.  The  survival  rate 
of  the  spores  may  vary*  depending  on  the  temperature  and  the  kind  of 
environmental  object. 

Dry  heat  kills  spores  at  140°  within  3  hours. 

Direct  sunlight  acts  very  slowly  and  practically  never  kills  an- 
-rax  spores  present  in  the  soil. 

The  elucidation  of  the  specific  properties  and  the  relationship 
of  the  pathogenic  agent  to  the  environment  is  of  great  importance  in 
connection  with  the  difficulties  presented  by  differential  diagnosis. 
Pseudoanthrax  (B.  pseudoanthracls )  and  anthraxlike  bacilli  (B.  Anthra- 
coides),  which  cannot  be  differentiated  morphologically  are  widely  dis¬ 
tributed  in  nature.  Besides,  there  are  other  sporogenous  aerobes  such 
a3  the  hay  bacillus  (B.  subtills) .  the  potato  bacillus  (B.  mesensrlcus ) . 
the  cabbage  bacillus  (B.  megatherium)  and  the  rhizoraorphous  bacillus 
(3.  mycoldes)  which  may  be  present  in  the  various  environmental  objects, 
subjected  to  medical  and  sanitary  investigation.  In  the  Berdzhi  (1957) 
classification,  special  attention  is  given  to  the  differentiation  of  B. 
cereus. 
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Laboratory  Diagnosis  of  Anthrax 


The  laboratory  diagnosis  of  anthrax  consists  In  producing  a  pure 
culture  and  In  Its  Identification.  The  aim  of  the  Investigation  depends 
on  the  clinical  or  sanitary- hygiene  tasks  In  a  given  situation. 

Test  material;  sampling 

Tissue  exudates  from  under  a  scab  and  from  the  base  of  an  ulcer, 
blood  (in  cases  of  high  body  tenperature,  particularly  with  the  gener¬ 
alized  forms),  sputum  (with  the  pulmonary  form),  and  excreta  (with  the 
Intestinal  form)  may  serve  as  the  objects  of  the  laboratory  tests. 

The  pathological  material  Is  taken  from  the  depth  of  the  ulcer  or 
from  under  the  scab.  The  serous  exudate  or  tissue  exudate  Is  collected 
with  a  syringe  or  Pasteur  pipette  and  put  Into  a  test  tube  of  small 
glass  flask.  Ihe  sampling  must  be  done  carefully  to  avoid  tissue  In¬ 
jury.  Some  difficulties  may  arise  in  this  connection  because  in  typi¬ 
cal  cases  of  anthrax,  pathological  excretions  are  present  only  In 
small  quantity  and  pus  Is  entirely  absent. 

This  is  also  the  limitation  in  typical  cases  of  the  cutaneous 
form.  Indications  for  sampling  of  blood  are  rare,  only  when  a  general¬ 
ized  process  is  suspected.  Blood  can  be  taken  from  a  vein  or  sometimes 
from  the  ear  lobe.  3-5  ®J  is  taken  from  a  vein;  2  thick  smears  are  pre¬ 
pared  which  are  dried  In  air  without  fixation,  put  together  and  sent 
to  the  laboratory;  the  remaining  blood  is  used  to  inoculate  meat-pep¬ 
tone  broth  or  some  other  suitable  me  dims. 

Sputum  and  feces  are  collected  In  presence  of  the  corresponding 
Indications  In  a  sterile  vessel. 

The  manipulation  of  the  materials,  their  transport,  storage,  etc., 
are  carried  out  in  accordance  with  the  rules  governing  the  work  with 
particularly  dangerous  infections.  When  large  quantities  of  pathologi¬ 
cal  fluids  have  to  be  dispatched  to  the  laboratory,  lumps  or  fragnents 
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of  some  adsorbent  nay  be  soaked  in  them  (chalk,  sugar,  charcoal, 
thread,  etc. )  which  are  also  placed  into  a  sterile  vessel  and  sent  to 
the  laboratory  with  all  necessary  precautions. 

If  little  pathological  material  is  available,  this  may  be  limited 
to  two  smears,  one  of  which  is  gram-stained  for  microscopy  and  the 
other  is  used  to  prepare  scrapings  for  inoculation  of  broth  and  for 
infecting  laboratory  animals.  The  autopsy  of  anthrax  cadavers  is  for¬ 
bidden. 


Microscopic  examination 

The  microscopic  examination  of  the  pathological  material  makes  it 
possible  to  determine  the  pathogenic  agent,  to  establish  the  morphology 


and  staining  properties  of  the  microbe  and  to  make  visible  the  papsules 
and  spores. 

It  Is  only  rarely  possible  to  detect  anthrax  bacilli  in  native 
smears  from  tissue  exudates.  Hence,  microscopy  is  usually  carried  out 
on  the  cultures  which  grow  after  inoculation  with  the  contaminated  ina¬ 
erial.  The  microscopic  examination  may  then  be  part  of  the  identifica¬ 
tion  of  the  culture. 

Microscopy  with  a  hanging  drop  reveals  the  immobility  of  the  an¬ 
thrax  microbe. 

To  obtain  a  stained  smear,  a  drop  of  test  material  is  placed  on 

| 

an  object  glass,  covered  with  another  object  glass  and  the  two  glasses 
drawn  in  opposite  directions.  Smears  are  thus  obtained  on  the  two 
glasses  which  are  suitable  for  microscopic  examination.  The  smears  are 
dried  in  air  (protected  against  flies).  Following  drying,  the  smears 
are  fixed  by  the  normal  method  in  a  burner  flame.  Contact  smears  from 
organs,  blood  and  exudates  are  fixed  with  formaldehyde  vapor  or  with 


osmium. 


Development  of  the  capsules.  Rebiger  method  of  development  of 
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Pig.  122.  Anthrax  bacilli  with  capsules.  Smear  from  spleen. 

capsules:  the  preparation  Is  fixed  with  formalin  and  stained  at  the 
same  time;  15-20  g  gentian  violet  Is  dissolved  In  100  mi  of  common 
formalin;  the  solution  Is  allowed  to  stand  several  hours  at  room  tem¬ 
perature  and  then  filtered;  without  prior  fixation,  the  smears  are 
stained  with  this  solution  for  15-20  seconds,  washed  and  dried.  The 
capsules  are  stained  red-violet,  the  bacteria  dark-violet  (Fig.  122). 
Development  of  spores  (see  p.  41 ). 

Bacteriological  tests 

The  material  obtained  from  the  patient,  remaining  after  prepara¬ 
tion  of  the  smears  for  microscopy.  Is  used  to  Inoculate  broth  using 
one  dish  with  meat-peptone  agar  and  one  dish  with  blood  agar.  The  cul¬ 
tures  are  placed  Into  the  thermostat  (37°)  and  left  overnight.  The 
next  day  the  cultures  are  examined.  Pure  cultures.  Isolated  from  an  or¬ 
ganism  In  this  manner,  are  usually  present  In  the  typical  R-form.  A 
moderate  quantity  of  precipitate  forms  on  the  bottom  of  the  test  tube 
In  the  form  of  small  flakes,  while  the  broth,  as  a  rule,  remains  clear. 
When  smears  from  this  broth  are  examined  under  the  microscope,  long 
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threads  of  gram-positive  microorganism  are  detected.  Dull,  fibrous 
colonies  without  hemolysis  zone  form  on  agar.  With  the  skin  forms  of 
the  disease,  inoculation  is  successful  only  in  of  cases. 

Penicillin  test.  A  decomposition  of  B.  anthracla  cells  is  observ¬ 
ed  on  2#  meat-peptone  agar  containing  penicillin  (1  dish  contains  0.5 
yed/mi;  the  second  0.05  yed/mi;  the  third  one  is  a  control  and  does 
not  contain  penicillin).  1  drop  of  a  3  hour  old  broth  culture  of  the 
test  strain  is  applied  to  each  of  the  dishes.  The  cultures  are  placed 
into  the  thermostat  for  3  hours  at  37°  and  then  examined  under  the  mi¬ 
croscope  with  a  highpower  dry  or  immersion  system  (spherical  "pearl- 
shells"  of  B.  anthracla  can  be  seen;  the  other  sporogenlc  microbes 
have  their  normal  unaltered  cell  shape;  in  the  control  dish,  the  cells 
also  retain  their  normal  unmodified  shape,  appearing  as  long  or  short 
chains). 

Bacteriophage  test.  An  anthrax  culture  is  lysed  by  its  specific 
bacteriophage.  This  is  made  apparent  by  applying  a  drop  of  phage  to  a 
-hour  agar  culture.  The  examination  is  carried  out  after  the  culture 
_s  been  in  the  thermostat  for  6-18  hours.  The  same  on  canted  agar  in 
te3t  tubes.  Following  inoculation,  the  culture  is  placed  into  the  ther¬ 
mostat  for  30  minutes  at  37°  and  1  drop  of  specific  bacteriophage  ap¬ 
plied.  The  test  and  control  test  tubes  are  then  returned  to  the  ther¬ 
mostat.  Intense  lysis  can  be  observed  after  16-18  hours  (where  the 
drop  of  phage  has  dropped  on  it). 

Detection  of  anthrax  bacillus  by  means  of  the  biological  test 

In  cases  when  normal  cultures  do  not  provide  sufficient  informa¬ 
tion  for  a  diagnosis  and  also  for  greater  reliability,  infection  of 
laboratory  animals  with  the  test  material  is  carried  out  at  the  same 
time  as  the  culturing. 

To  this  end,  a  10J6  suspension  of  the  test  material  in  sterile 
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physiological  salt  solution  or  sterile  water  Is  prepared  and  Injected 
subcutaneously  In  a  quantity  of  0. 1-0. 2  mi  Into  white  mice  or  guinea 
pigs.  In  order  to  accelerate  Identification  of  the  culture,  some  of 
the  animals  are  killed  within  a  few  hours  or  on  the  day  after  they  had 
been  Infected. 

When  virulent  microbes  are  present  in  the  test  material,  the  ani¬ 
mals  normally  die  within  2-4  days  from  generalized  Infection.  The  ani¬ 
mals  are  observed  for  up  to  10  days.  If  the  animals  have  not  died  with¬ 
in  this  period,  the  presence  of  anthrax  microbes  In  the  Injected  mate¬ 
rial  can  be  excluded. 

An  autopsy  Is  performed  on  the  animals,  contact  smears  and  cul¬ 
tures  made  from  the  blood  of  the  heart  and  from  organs  (spleen,  liver, 
kidneys,  infiltrate  at  the  point  of  infection,  etc. )  to  determine  the 
cause  of  death  and  to  Identify  the  Isolated  microbes.  In  presence  of 
anthrax  Infection,  the  normal  capsular  forms  of  the  pathogenic  agent 
of  anthrax  are  isolated. 

Testing  procedure 

First  day:  1)  the  smears  which  have  been  gram-stained  and  which 
have  been  stained  to  reveal  the  capsules,  are  examined;  2)  test  tubes 
with  broth,  a  dish  with  meat-peptone  agar  and  a  dish  with  blood  agar 
are  Inoculated;  3)  3-5  guinea  pigs  or  5-10  white  mice  are  infected 
with  a  10%  suspension  of  the  test  material,  nonnally  subcutaneously, 
or  intraperitoneally  if  the  infection  process  is  to  be  accelerated. 

When  the  smears  are  examined  on  the  first  day  of  the  investiga¬ 
tion,  preliminary  data  can  be  obtained  confirming  the  diagnosis. 

Second  day:  the  growth  in  broth  and  on  agar  is  investigated.  The 
isolated  culture  is  examined  under  the  microscope.  Eftta  for  a  prelim¬ 
inary  answer  are  provided  when  a  typical  growth  and  morphology  of  the 
isolated  microbes  is  present.  In  doubtful  cases  one  must  wait  for  the 
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results  of  the  biological  test  and  also  examine  the  cultures  which 
have  been  grown  In  broth  and  agar.  The  biological  test  Is  decisive.  It 
la  characteristic  for  the  pathogenic  agent  of  anthrax  that  It  kills 
nonlmmune  white  mice  and  guinea  pigs  in  100#  of  cases  and,  as  a  rule, 
not  later  than  within  5-6  days.  Negative  results  of  the  biological 
test  and  doubtful  data  of  the  preceding  Investigations  exclude  the  pre. 
sence  of  the  anthrax  microorganism  In  the  test  material.  Ttie  culture 
of  the  anthrax  bacillus  can  be  Isolated  from  the  blood  or  organs  of 
the  dead  animals  and  Identified  (see  Table  75  and  76). 

Allergy  test 

The  lntradermal  allergy  test  has  been  proposed  to  reveal  the  spe¬ 
cific  alteration  of  the  organism  (Instruction  approved  by  the  Commit¬ 
tee  of  Vaccines  and  Sera  of  the  Public  Health  Ministry  of  the  USSR, 
20th  February  I960).  The  specific  allergen  anthraxin  is  required  for 
carrying  out  this  test  (it  is  stored  at  4-10°  under  sterile  conditions 
and  in  the  factory  packing  for  not  more  than  1  year).  The  test  must  be 
.u*ried  out  intradermally,  the  allergen  being  injected  into  the  skin 
the  forearm  in  a  quantity  of  0.05-0.1  mi.  A  control  liquid  of  the 
same  volume  lsinjected  into  the  other  forearm.  In  persons  who  have 
never  had  anthrax  and  have  not  been  vaccinated  againBt  it,  the  test  Is 
negative.  In  presence  of  an  anthrax  process,  hyperemia  and  an  infil¬ 
trate  with  a  diameter  of  not  more  than  5  nan  appears  at  the  point  where 
the  allergen  has  been  injected.  The  reaction  is  observed  twice,  after 
24  and  48  hours.’ 

Detection  of  the  pathogenic  agent  in  the  environment 

Various  environmental  objects  -  meat,  hides,  wool,  soil,  differ¬ 
ent  objects,  air  and  water  —  can  be  subjected  to  examination.  Under 
natural  conditions  the  pathogenic  agent  of  anthrax  is  primarily  found 
in  products  of  animal  husbandry  obtained  from  animals  with  anthrax;  on 
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objects,  contaminated  by  these  products;  in  the  soil  -  where  animals 
which  have  died  of  anthrax  have  been  burled  and  also  In  the  dust  and 
air  from  the  premises  In  which  the  corresponding  raw  materials  are 
processed  (wool,  bristles,  hair,  hides,  etc. ). 

The  need  may  sometimes  arise  to  prepare  cultures  from  samples  of 
water,  swabs  from  objects  or  air  samples.  Solid  particles  are  first 
ground  as  far  as  this  Is  possible  and  a  10  fold  quantity  of  sterile 
water  or  physiological  salt  solution  added  and  allowed  to  stand  for 
1-2  hours.  After  the  sample  has  been  prepared  In  this  way.  It  Is  di¬ 
vided  Into  2  equa?  rarts  (preferably  In  2  test  tubes). 

The  material  from  one  test  tube  Is  collected  with  a  Pasteur  pi¬ 
pette  and  broth,  meat-peptone  agar  and  blood  agar  inoculated  with.it, 
while  the  remainder  is  used  for  the  biological  test  (infection  of  mice, 
guinea  pigs  or  rabbits,  as  usual,  subcutaneously).  The  material  In  the 
other  test  tube  Is  heated  70-75°  and  kept  at  this  temperature  for  30 
minutes  to  kill  the  vegetative  forms  of  the  microbes  (or  at  80°  for  10 
minutes ). 

The  heated  material  Is  used  for  Inoculating  the  same  kind  of  me¬ 
dia  and  Infecting  a  similar  group  of  animals.  In  the  presence  of  an¬ 
thrax  spores,  cultures  also  develop  after  1-2  days  in  the  thermostat 
at  37°,  and  the  infected  animals  die  within  the  normal  periods.  The 
microscopic  examination  and  the  observation  of  the  growth  of  the  cul¬ 
ture  sometimes  do  not  provide  sufficiently  reliable  information.  In 
these  cases  the  decisive  data  are  obtained  from  the  Infected  animals 
because  the  pathogenic  agents  of  anthrax  are  invariably  pathogenic  or¬ 
ganisms. 

Positive  results  are  usually  obtained  by  the .culturing  of  samples 
of  animal  materials,  swabs  from  parts  of  organs  and  tissues,  sometimes 
from  cultures  of  soil  from  places  where  cadavers  of  animals  which  were 
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Icl  lied  by  anthrax  are  burled. 

In  order  to  detect  the  anthrax  microbe  In  the  mud  of  water  reser¬ 
voirs  or  In  the  water,  filtration  of  the  suspended  mud  and  the  water 
samples  through  special  filters  (see  p.  257)  Is  essential  to  concen¬ 
trate  any  spores  or  Individual  vegetative  forms  of  the  microbes,  which 
might  be  present. 

The  methods  of  air  sampling  are  selected  on  the  basis  of  the  con¬ 
sideration  that  the  anthrax  microbe  is  relatively  large  and  can  thus 
be  detected  in  aerosols  of  relatively  large  particles.  Hence,  to  de¬ 
tect  the  anthrax  microbe  in  air,  many  methods  fhich  make  it  possible 
to  concentrate  large  aerosol  samples  in  a  small  volume  of  water  or 
physiological  salt  solution,  are  suitable  (see  p.  266).  After  this 
concentration  has  been  effected,  the  liquid  through  which  the  air  has 
been  passed,  the  membrane  or  gelatin  filters,  etc. ,  are  subjected  to 
the  usual  tests  (cultures,  infection  of  animals,  identification  of  the 
•ultures).  The  direct  microscopic  examination  of  environmental  mate- 
ials,  treated  with  fluorescent  sera,  can  give  preliminary,  tentative 
results.  The  accumulation  and  proliferation  of  the  microbes  in  the  cul¬ 
tures  on  media  or  in  test  tubes  with  the  corresponding  identification 
of  the  cultures  makes  it  possible  to  obtain  reliable,  positive  results. 
Up  to  200  DLM  of  B.  anthracls  have  sometimes  been  detected  in  lg  of 
the  dust  from  factory  bins. 

The  pathoanatomic  alterations  are  also  taken  into  account  in  the 
diagnosis  of  anthrax  and  the  Identification  of  the  culture.  In  animals 
which  have  died  from  anthrax,  rigor  mortis  is  either  very  slight  or  ab¬ 
sent.  The  blood  is  thick,  darkred  and  copious  infiltrations  and  extra- 
. asations  are  found:  the  spleen  is  flaccid,  and  gives  tarlike  scrap¬ 
ings.  The  internal  organs  and  lymph  nodes  are  hyperemie. 
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Rapid  methods  of  bacteriological  diagnosis 


Precipitation  teat.  Owing  to  the  thermal  stability  of  the  precipi¬ 
tinogen  this  test  Is  termed  thermopreclpltatlon  test  and  can  be  used 
for  rapid  diagnosis.  The  test  Is  convenient  because  In  presence  of  old, 
decaying  test  material,  when  the  pathogenic  organism  of  anthrax  Is  dif¬ 
ficult  or  quite  impossible  to  Isolate,  It  can  give  completely  reliable 
positive  results.  In  these  cases,  the  test  should  also  be  used  to  de¬ 
tect  the  specific  anthrax  antigen  In  the  test  material.  The  precipita¬ 
tion  test  Is  widely  used  In  the  hide  and  wool  processing  Industries. 

The  following  is  required  for  carrying  out  the  precipitation  test: 
precipitating  serum  (for  the  Ascoll  test);  an  antigen  extract  from  the 
test  material;  standard  anthrax  antigen  lor  the  control  test;  a  tissue 
extract  from  a  healthy  animal  and  normal  serum,  also  for  the  control 
test . 

Antigen:  pieces  of  skin,  wool,  muscles,  soil,  etc.,  are  ground 
and  physiological  salt  solution  added  In  a  quantity  of  100  mi  for  1  g 
of  material,  boiled  10  minutes,  filtered  until  completely  clear  through 
calcined  asbestos  wool,  talcum  filter  or  paper,  moistened  with  physiol¬ 
ogical  salt  solution.  In  addition,  a  method  of  preparing  antigen  In  the 
oold  Is  known.  This  Is  more  reliable  and  can  be  used  for  the  control  of 
the  thermopreclpltatlon  test.  The  test  material  can  be  sterilized  In 
the  autoclave  before  the  Isolation  of  the, antigen.  Then  the  material 
is  also  ground  and  1:10  of  common  salt  solution  (0. 85#)  containing  0.356 
crystalline  phenol  is  added.  This  Is  left  for  20  hours  at  room  temper¬ 
ature  (or  at  4-10*  for  30-40  hours).  The  extract  thus  obtained  is  fil¬ 
tered  through  asbestos  (the  asbestos  should  give  a  neutral  reaction 
with  litmus;  when  the  asbestos  has  an  acid  or  alkaline  reaction.  It 
should  be  carefully  washed).  The  filtrate  should  be  clear. 

0.2-0. 3  mi  of  clear  precipitating  serum  is  run  into  narrow  test 
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tubes  or  test  tubes  with  tapering  bottom,  then  the  same  quantity  of 
serum  Is  run  In  carefully  with  a  Pasteur  pipette  so  that  It  flows  down 
along  the  wall  and  forms  a  layer  on  the  test  antigen.  A  white,  cloudy 
precipitation  ring  (4+)  should  appear  at  the  interface  of  the  two  liq¬ 
uids  (usually  within  15  seconds  to  2  minutes)  not  later  than  15  min¬ 
utes.  When  the  test  is  negative,  the  ring  does  not  form,  whereas  In 
doubtful  (±)  and  negative  tests  it  may  appear  after  an  interval  of 
more  than  15  minutes.  In  the  testing  of  hides,  two  doubtful  tests  are 
cc  isidered  as  positive. 

The  following  control  tests  are  carried  out  In  similar  test  tubes: 

1)  precipitating  serum  and  an  extract  from  material  known  to  con¬ 
tain  anthrax;  this  should  give  a  marked  precipitation  (with  standard 
anthrax  antigen); 

2)  precipitating  serum  and  extract  from  a  healthy  animal;  there 
should  be  no  reaction; 

3)  precipitating  serum  and  physiological  salt  solution  or  water 
the  same  liquid  which  was  used  for  producing  the  antigen  extract); 

there  should  be  no  precipitation; 

^4)  normal  serum  and  standard  anthrax  antigen;  there  should  be  no 
precipitation. 

In  all  difficult  cases  of  anthrax  diagnosis  in  humans,  the  clini¬ 
cal  data  and  the  epidemiological  connection  of  the  patient  with  the  en¬ 
vironment  are  given  primarily  consideration,  because  the  laboratory  me¬ 
thods  may  not  give  reliable  results  in  certain  cases. 

Of  all  the  laboratory  data,  the  most  decisive  are  the  data  of  the 
biological,  test  and  the  results  of  the  bacteriological  cultures  with 
subsequent  identification  of  the  isolated  cultures. 

Serological-fluorescence  method.  The  principle  of  the  method  con¬ 
sists  in  the  detection  of  antigens  by  means  of  specific  sera  with  fluor- 
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escent  ayes  (Descriptions  of  the  method  of  examining  water,  soil  and 
swabs  from  objects  for  the  presence  of  the  anthrax  bacillus,  1963*  Ye. 
A.  Levina  et  al. ).  The  test  material  is  grown  at  37°  for  3  hours,  then 
preparations  are  made,  fixed  and  treated  with  special  fluorescent  sera. 
The  preparations  are  examined  under  the  fluorescence  microscope  ML-1 
cr  KL-2  fitted  with  the  fluorescence  apparatus  ON- 17  and  a  system  of 
violet  color  filters.  The  method  cf  work  is  described  in  detail  on 
p.  7k  .  The  method  is  considered  suitable  only  for  detecting  the  vege¬ 
tative  forms  of  the  anthrax  bacillus. 

Method  of  detecting  capsule  formation  (GKI,  V.R.  Arkhipova).  The 
teat  suspensions  are  cultured  f swabs  from  various  objexts;  swabs  from 
membrane  and  other  filters  used  for  the  concentration  of  bacteria  dur¬ 
ing  their  isolation  from  water,  soil  and  air)  on  the  special  GKI  medi¬ 
um.  The  cultures  (several  drops)  are  placed  into  the  thermostat  at  3 J° . 
It  is  assumed  that  capsule  formation  of  B.  anthracis  begir;3  within  1-u 
houre  and  that  most  of  the  microbial  cells  present  in  the  test  materi¬ 
al,  have  formed  a  capsule  within  l6-lS  hours.  Normal  smears  are  pre¬ 
pared  for  microscopy  to  re\'eal  their  presence.  The  smears  are  fixed 
with  methanol  for  15  minutes,  then  stained  with  Loffler  blue  and  exam¬ 
ined  under  900  fold  magnification.  The  capsula  is  stained  rosered,  the 
microbes  blue. 

When  microbial  cells  with  capsules  are  found,  this  is  a  prelimi¬ 
nary  positive  result  and  the  isolated  culture  is  subjected  to  further 
full  identification. 

Method  of  detecting  capsule  formation  (according  to  Shlyakhov  and 
Gruz ).  0.1-0. 2  of  a  swab  (from  membrane  and  other  filters,  from  vari¬ 
ous  environmental  objects)  is  injected  into  white  mice  intraperitoneal- 
ly,  then  2  mice  are  killed  each  time  after  30-60-120  minutes  after  the 
injection.  Two  mice  are  left  as  controls  (they  are  not  killed  until 
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the  investigation  is  terminated).  An  autopsy  is  performed  on  the  dead 
mice  and  smears  made  from  the  prepared  exudate  and  the  organs  in  order 
to  reveal  the  presence  of  capsule  microbes.  Positive  results  enable 
preliminary  tentative  conclusions  to  be  made.  Later  on,  cultures  rau3t 
be  isolated  in  the  pure  form  and  identified  (see  Tables  75  and  76). 
Nutrient  Media 

GKI  medium.  The  GKI  medium  (State  Control  Institute)  is  prepared 
in  the  following  manner:  60  mi  Hanks  solution  is  run  into  a  sterile 
flask  and  (in  a  sterile  manner)  40  mi  of  bovine  serum,  inactivated  for 
30  minutes  at  560,  is  added.  After  careful  mixing,  the  pH  of  the  medi¬ 
um  is  brought  up  to  7-  2  by  adding  soda  solution  and  2  mi  lots  placed 
into  test  tubes.  The  test  tubes  are  closed  with  sterile  rubber  stop¬ 
pers.  The  medium  keeps  for  long  periods  at  a  temperature  of  4°. 

Hanks  solution  consists  of  the  following  ingredients: 

Sodium  chloride  8.0  g 
Potassium  chloride  0.4  g 
Calcium  chloride  0. 14  g 
Magnesium  sulfate  0. 1  g 
Magnesium  chloride  0. 1  g 
Disodium  phosphate  0. 06  g 
Monopotassium  phosphate  0. 06  g 
Sodium  bicarbonate  about  0. 15  g 
Glucose  1.0  g 
Phenol  red  0. 02  g 
>  Doubly  distilled  water  1000  mi 

Nutrient  medium  for  producing  a  spore  culture  of  B.  anthracls. 
Digested  casein  medium,  pH  7. 2-7- 4.  The  basis  of  the  medium  is  trypti- 
cally  digested  casein  to  which  yeast  extract  diluted  with  water  and 
various  salts  which  play  a  part  in  the  nutritional  requirements  of  the 
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anthrax  bacillus  is  added  (Gladstone-Field  medium).  Spore  formation  is 
obtained  with  this  medium  in  90-95#  of  cases. 

Preparation  of  the  medium:  tryptic  casein  digest  50  mi 
Aqueous  yeast  extract  200  mi 

7  Potassium  diphosphate  (KgHPO^)  5  S 

6  +  Potassium  monophosphate  (KHgPO^)  1  g  + 

5  +  Sodium  sulfate  (Na2S0^)  0. 3  g  + 

4  +  Calcium  chloride  (CaCl2)  0.1  g  + 

3  +  Manganese  sulfate  (MnSO^)  0.03  g  + 

2  +  Magnesium  sulfate  (MgSO^)  0.05  g  + 

1  Iron  sulfate  (FeSO^)  0.01  g 
Agar  30.0 

Doubly  distilled  water  -  to  1000  mi 
Remarks : 

1.  Instead  of  the  yeast  extract,  0.5#  yeast  solution  "Bakto"  is 
often  used. 

2.  The  salts  designated  by  a  +  sign,  may  be  omitted. 

3.  The  Arabian  figures  from  7  to  1  indicate  the  sequence  in  which 
the  salts  are  to  be  dissolved. 

4.  Sodium  phosphate  should  not  be  used  as  a  substitute  for  potas¬ 
sium  salts. 

By  means  of  phosphate  buffer,  the  medium  is  adjusted  to  pH  7«2. 
LEPROSY 

A. I.  Togunova,  Professor 

Leprosy  is  a  disease  caused  by  a  microbe  of  the  genus  Mycobacterl' 
um,  M.  leprae  Hansen.  Two  clinical  forms  of  the  disease  and  their  in¬ 
termediate  stages  are  distinguished:  the  cutaneous  or  torulose  and  the 
neural  or  anesthetic.  On  the  4th  International  Congress  of  Leprology 
at  Cairo  (1938),  a  definition  was  given  of  the  malignant  (lepromatous) 
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TABUS  75 

Differential  characteristic#  of  bacillus  anthracls  and  other  aerobic  gram-positive  spore, 
forming  microorganisms  *" 


Naas 

Anthrax 


VO 

o 

3V 

I 


Pseudoanthrax 

bacillus 


Agar 


Young  colonies, 
white,  downy; 
under  low  mag¬ 
nification,  the 
fibrous  struc¬ 
ture  Is  clearly 
visible 


Bound,  whitish, 
firm  colonies; 
along  the  edges 
twisted  threads, 
divided  Into  In¬ 
dividual  sec¬ 
tions 


Broth 


Qrowth  notice¬ 
able  within  7-8 
hours;  within 
18-24  hours, 
the  broth  be¬ 
comes  clear 
with  a  floc- 
culent,  finely 
divided  pre¬ 
cipitate.  A 
film  Is  not 
formed 

The  ring  near 
the  wall  Is 
present,  but 
slightly  dif¬ 
fuse 


Cloudy  with 
crumbly,  ten¬ 
acious  precipi¬ 
tate;  forms 
films  on  the 
surface  and  a 
nondlffuse  ring 
near  the  wall 


Culturing  properties 


Qelatln 


Litmus 

serum 


When  Inocula¬ 
tion  by  punc¬ 
ture  Is  carried 
out,  a  whitish 
rod  with  fine 
horizontal  out¬ 
growths  Is 
formed:  "In¬ 
verted  tree 
pattern".  Gel¬ 
atin  is  liqui¬ 
fied  from  the 
surface  down¬ 
wards  In  the 
form  of  a 
stocking  with¬ 
in  3-4  days 
with  flocculent 
precipitate 

Intense  growth 
upon  puncture 
with  large 
number  of 
branches  and 
severe  liquefac¬ 
tion  of  the  gel¬ 
atin 


Reddening 


Blue  color: 
tlon 


Anthracold 


Hay  bacillus 


Potato  bacil¬ 
lus 


Cabbage  bacil¬ 
lus 


Rhlzomorphous 

bacillus 


The  same 


Mat  grayish- 
white  deposit; 
film  on  the 
condensation 
fluid 


Mat- white 
puckered  thick 
deposit;  a 
film  forms  on 
the  condensa¬ 
tion  fluid 

Forma  of  gray 
slimy  deposit 


Forms  modexmte 
felt-like  de¬ 
posits 


The  same 


First  becomes 
cloudy  then 
forms  a  film 
and  becomes 
transparent 


Forma  a  puck¬ 
ered  film;  the 
broth  rental  ns 
almost  clear 


Thickened  nodes  The  same 
along  the  punc¬ 
ture  (not 
branches );  gel¬ 
atin  Is  lique¬ 
fied  In  form  of 
a  funnel 

On  gelatin  the  "  " 

colony  Is  sur¬ 
rounded  by  a 
corona  of  rays; 
on  the  surface 
of  liquified  gel¬ 
atin  It  forms  a 
film 

Round  colonies 
with  liquified 
gelatin 


Slight  precip¬ 
itate  without 
film 

Broth  clear;  on 
the  bottom  a 
precipitate  re¬ 
sembling  a 
piece  of  cotton 
wool,  not  dis¬ 
integrated  by 
stirring 


Funnel shaped 
liquefaction 


Quickly  liqul 
fled 


f' 


Cap- 

Egg  taBdiua  aule  Hemo- 

wlth  mal-  Mobility  font-  lysis 

achlte  green  atlon 

No  growth,  “  * 

coagulation 

or  cloudiness 

for  the  first 

70-166  hours 


Mica 

Ole  within 
24-36  hours 


Pathogenicity 

Oulnea 
Pig • 


Young  guinea 
pigs  die  on 
the  2nd  day, 
old  ones  on 
the  3rd  day 


Within  11  Weak  + 

hours,  the 
yolk  Is  co¬ 
agulated  and 
the  medium  be¬ 
comes  clear 


+  Sometimes  Nonpathogenlc 

pathogenic 
when  Injec¬ 
ted  In  large 
quantities 
Into  the  ab¬ 
dominal  cav¬ 
ity 


Tne  same  The  same 


+  The  "same  The  same 


Lively  -  Nonpatho-  Nonpatho- 

genlo  genic 


The  same 


The  same  The  earns 


Weak 


The  same 


N 


n 


e 


Rabbits 

Ole  on  the 
3- 5th  day 


Nonpathogenlc 

The  same 

Nonpatho¬ 

genlc 

The  same 


TABLE  76 

differential  Charao  terlatica  of  the  Pathogenlo  Organism  of  Anthrax  and  Some  Related  Spore- 
fox-ml  ng  Aerobes  (according  to  Berdzhl,  1957) 
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The  other  characteristics  are  similar  to  that  of  B.  cereus 


type  of  leprosy  and  of  the  neural  form,  which  comprises  all  cases  of 
benignant  leprosy  with  disorders  of  the  polyneuritic  type,  spotty-anes¬ 
thetic  and  tuberculoid.  The  lepromatous  (nodal)  form  Is  characterized 
by  the  growth  of  a  granulation  tissue  which  forms  the  basis  of  the  so- 
called  lepromes  the  latter  contain  a  considerable  ("enormous")  number 
of  acid-resistant  mycobacteria  and  are  present  in  the  skin,  lymph  nodes 
and  the  mucus  of  the  nose  and  mouth. 

Morphology  and  biology  of  M.  leprae 

The  pathogenic  agent  of  leprosy  Is  similar  in  its  morphology  to 
the  tubercle  bacillus.  It  is  a  straight  or  slightly  curved  mycobacter¬ 
ium,  dense  or  grainy  and  is  stained  more  easily  than  the  tubercle  ba¬ 
cillus  with  fuchsin  (without  heating)  and  more  easily  decolorized  by 
acids  and  alkalis.  Its  gram-positive.  In  the  leprosy  nodes  (lepromas) 
the  Hansen  bacillus  is  found  in  enormous  numbers,  arranged  like  "bun¬ 
dles  of  cigars"  (Figs.  123  and  124).  Numerous  attests  to  grow  the 
leprosy  macobacterlum  on  nutrient  media  compel  us  to  doubt  whether  it 
is  possible  to  obtain  cultures  of  leprosy  mycobacteria  outside  of  hu¬ 
man  tissues.  However,  some  authors  have  obtained  slowly  growing  cul¬ 
tures  from  lepromas  in  the  form  of  a  grayish,  wrinkled,  dry  or  moist 
deposit  (glycerol,  placenta  agar)  or  films  with  uniform  cloudiness  of 
the  broth.  Cultures  have  also  been  obtained  colored  yellow  or  orange 
by  a  pi©nent.  However,  it  has  not  yet  been  possible  to  confirm  that 
these  cultures  are  identical  with  the  leprosy  bacillus  because  the 
basic  criterion,  the  possibility  of  infecting  experimental  animals  with 
the  grown  cobacteria,  is  absent.  The  isolated  cultures  can  be  classi¬ 
fied  (V.  I.  Kedrovskiy)  according  to  the  nature  of  the  bacteria  into 
three  types:  1)  acidresistant  mycobacteria  which  are  not  pathogenic 
for  any  animal  species;  2)  acidresistant  mycobacteria  which  grow  only 
in  the  primary  culture;  3)  mycobacteria  which  are  not  acid  or  oxygen- 
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resistant. 


Fig*  123*  Skin  leprosy.  Ctained  according  to  Ziel-Nielsen.  900x. 


Pig.  124.  Infiltrate  In  the  pla  mater  In  experimental  leprosy.  Typical 
arrangement.  Stained  with  Ziel  fuchsin-hematoxylin.  800x. 

Laboratory  Diagnosis  of  Leprosy 
Microscopical  examination 


The  diagnosis  Is  established  on  the  basis  of  the  bacterioscopic 
examination  of  the  nasal  mucus  cr  the  tissue  fluid  (juice)  from  the 
skin  lesions.  Fosltive  findings  confirm  the  clinical  diagnosis.  When 


the  result  Is  negative,  a  biopsy  Is  carried  out  on  the  lesions  or  ex¬ 
amination  of  smears  or  histological  sections  from  them  is  carried  out. 
Highly  typical  "leprous  cells",  elliptical  or  circular,  filled  with 
acidresistant  bacteria,  are  present  in  leprous  lesions.  The  large, 
greatly  inflated  cells  containing  the  bacteria  are  termed  "leprosy 
globules".  These  giant  cells  are  not  observed  in  the  lepromas.  The 
leprosy  mycobacteria  must  be  differentiated  from  tubercle  bacilli  on 
the  basi3  of  their  property  to  stain  more  easily  and  their  easier  de¬ 
coloration  by  alcohol  and  acids  after  staining. 

One  of  the  most  widely  used  methods  is  that  of  Baumgarten:  5-6 
drops  of  alcoholic  solution  of  basic  fuchsin  is  mixed  with  5-6  m l  of 
water.  The  smears  are  stained  for  6  minutes  without  heating,  and  de¬ 
colorised  30  minutes  in  nitric  acid  and  alcohol  (one  part  of  nitric 
acid  for  10  parts  alcohol),  washed  in  water  and  again  stained  with  an 
aqueous  solution  of  methylene  blue.  Sections  of  lepromas  are  stained 
]2-15ninthe  fuchsin  solution,  decolorized  half  a  minute  in  alcohol 
with  nitric  acid,  washed  with  water  and  again  stained  with  methylene 
blue.  In  old  lepromas  the  leprosy  bacillus  is  stained  red;  in  fresh 
lesions,  the  mycobacteria  are  partly  blue  and  partly  red.  Tubercle  ba¬ 
cilli  normally  are  not  stained  by  this  method. 

Allergy  test 

To  confirm  a  diagnosis  of  leprosy,  the  allergy  test  with  lepro¬ 
min  ♦  (Mitsuda  test)  is  used;  8-24  hours  after  intradermu.1  injection 
of  lepromin,  an  Infiltrate  ypereraia  develop.  The  Mitsuda  test, 

however,  although  widely  used,  is  not  sufficiently  specific. 

GLAh'UERS 

Ya.  Ye.  Kolyakov,  Professor,  Honored  Worker  in  Science  of  the  RSFSR 

Glanders  Is  an  infectious  disease  of  solid-ungulates  (horses, 

rauies)  which  mainly  takes  a  chronic  form  and  can  be  transralt- 


donkeys. 


ted  to  humans.  Changes  arise  In  the  organs  In  which  the  lesions  are 
present  (lymph  nodes,  lungs,  liver,  etc.  )  In  the  form  of  the  typical 
glanders  nodes  of  varying  size.  The  pathogenic  agent  of  glanders  is 
Actlnobaclllus  mallei  (previously  termed  Bacillus  mallei ). 

Morphology  of  A.  mallei 

Ironoblle,  nonspore  forming  rods  with  a  length  of  1-5  M-  and  typical 
grain  structure.  The  bacterium  Is  polymorphous:  it  can  have  a  coccus¬ 
like  or  tympanous  shape;  the  microbes  are  frequently  arranged  in 
threads  and  assume  the  form  of  rods  with  Irregular  outlines.  The 
threads  conposed  of  bacteria  and  with  average  length,  normally  consist 
of  4-8  members. 

A.  mallei  is  gram- negative.  It  can  be  stained  with  Pfeiffer 
fuchsin  or  Loeffler  blue  within  5  minutes.  The  typical  graininess  of 
the  bacterial  cell  is  then  clearly  visible. 

Biology  of  A.  mallei;  culturing  properties 

The  microbe  is  not  demanding  with  respect  to  the  nutrient  medium. 
It  can  be  grown  on  meat-peptone  agar  and  in  broth,  as  well  as  on  po- 
tatos.  The  growth  on  these  media  is  considerably  intensified  when  up 
to  glycerol  is  added  (glycerophillcity ).  It  is  aerobic.  The  temper¬ 
ature  optimum  is  37°;  below  20°  and  above  45°  the  glanders  bacillus 
cannot  develop.  The  microbe  grows  well  when  the  medium  is  weakly  acid, 
neutral  or  weakly  alkaline. 

Potato  medium  serves  for  purposes  of  differentiation.  The  growth 
of  Mallei  on  slices  of  potato,  made  alkaline  with  1%  soda  solution 
and  moistened  with  5#  glycerol  solution,  is  particularly  typical:  to¬ 
wards  the  3rd  day,  a  uniform  slimy,  dark-amber  honeylike  deposit  which 
is  mat  cr  often  shiny,  is  formed.  Towards  the  6-Sth  day,  the  amber, 
pellucid  culture  assumes  a  reddish  color  and  the  transparency  of  the 
deposit  disappears. 
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On  meat-peptone  agar  containing  2$  glycerol,  the  growth  of  the 
microbe  normally  begins  within  one  day.  A  glanders  culture  on  agar 
first  takes  the  form  of  a  transparent,  grayish-white  deposit  with  a 
nacreous  lustre,  which  is  slimy  and  viscous. 

In  meat-peptone  broth  containing  2-4$  glycerol,  a  uniform  cloudi¬ 
ness  appears  first,  then  a  slimy  grayish-white  precipitate  is  formed, 
which  rises  like  a  corkscrew  when  the  test  tube  is  slightly  shaken. 
Towards  the  10th  day,  a  gray,  slimy  film  appears  on  the  surface  of  the 
broth,  particularly  when  it  is  grown  in  flasks. 

The  glanders  microbe  coagulates  milk  slowly,  usually  on  the  6-8th 
day.  It  does  not  liquify  gelatin,  and  exerts  a  proteolytic  effect  only 
at  low  gelatin  concentrations.  The  glanders  bacillus  also  develops  on 
protein-free  synthetic  media  in  which  ammonium  salts  of  organic  acids 
and  carbonic  acid  serve  as  sources  of  nitrogen  and  carbon.  Indole  is 
not  formed.  Lactose  and  glucose  are  broken  down  with  formation  of  acid 
.  ■ :  t  without  gas  evolution. 
hogenlclty  and  virulence 

A.  mallei  is  highly  pathogenic  for  solid  ungulates.  Horses  can 
oe  Infected  subcutaneously  and  by  feeding  with  a  tiny  quantity  of 
"landers  culture.  Horses  usually  have  the  chronic  form  of  glanders. 
Cases  of  glanders  disease  in  wild  animals  as  a  result  of  eating  meat 
obtained  from  horses  suffering  from  glanders  have  been  described  (li¬ 
ons,  leopards,  tigers,  panthers,  lynxes,  wildcats,  etc.).  Cattle, 
sheep  and  goats  do  no  contract  glanders  under  natural  conditions. 

Highly  resistant  to  glanders  are  pigs,  birds  and  rats. 

Of  the  laboratory  animals,  guinea  pigs  can  be  infected  with  gland¬ 
ers;  when  they  are  Infected  subcutaneously,  they  die  within  10-15  days 
but  sometimes  it  takes  2-3  months. 

Cats,  which  are  particularly  sensitive  to  this  infection,  can  be 
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used  as  laboratory  animals.  In  oats,  glanders  takes  the  form  of  septl 
cemia. 


Rabbits  are  not  very  susceptible,  young  rabbits  being  more  sensi¬ 
tive.  White  mice  cannot  be  infected  with  glanders. 

Resistance  to  physical  and  chemical  factors 

A.  mallei  has  a  moderate  degree  of  resistance  with  regard  to  en- 
vironomental  factors.  Boiling  kills  a  culture  within  a  few  minutes,  a 
60°  it  takes  2  hours  or  even  longer  to  kill  it.  Drying  out  for  1-2 
*;eeks  is  fatal  to  this  microbe;  on  silk  threads  a  culture  could  be 
i<ept  for  more  than  3  months.  In  putrefying  material  the  bacteria  retain 
their  viability  for  up  to  24  days.  In  frozen  materials  the  glanders  ba¬ 
cillus  is  highly  stable. 

The  following  antiseptics  and  chemical  disinfectants  kill  the  mi¬ 
crobe:  corrosive  sublimate  in  a  dilution  of  1:1000  in  one  minute,  a 
5#  solution  of  bleaching  powder,  2 %  formalin,  2 %  phenol  solution,  3$6 
creolin,  1#  caustic  soda  solution,  within  an  hour.  Corrosive  sublimate, 
bleaching  powder  and  formalin  are  used  in  practice  in  the  indicated 
dilutions. 

Laboratory  Diagnosis  of  Glanders 
Test  materials;  sampling 

Nasal  discharges,  putrescent  secretions  from  ulcers  and  puncture 
specimens  from  subcutaneous  abscesses,  taken  under  sterile  conditions, 
can  serve  as  test  materials.  Individual  nodes  and  infected  parts  are 
cut  for  the  purpose  of  the  examination  in  a  sterile  manner  from  whole 
cadavers  from  the  lungs,  liver,  and  lymph  nodes.  The  material  can  be 
preserved  with  30#  sterile  glycerol. 

Microscopic  examination 

In  view  of  the  absence  of  specific  staining  methods  for  glanders 
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bacteria  the  microscopy  of  smears  from  pathological  material  has  only 
United  diagnostic  value  but  is  important  for  the  exclusion  of  other 
pathogenic  organisms.  The  smears  are  gram  and  Romanovs ky-Gie ms a  stained. 
Bacteriological  Investigation 

Potatoes  with  glycerol  added,  meat-peptone  agar  and  meat-peptone 
broth  are  Inoculated  with  the  pathological  material. 

Serological  investigation 

The  complement -fixing  test  forms  the  basis  of  the  serodiagnostic 
method  of  detecting  glanders.  Identical  results  can  be  obtained  by  the 
conglutination  test.  In  some  cases  It  Is  recommended  to  use  theagglutin- 
atlon  test. 

The  preliminary  and  main  complement- fixing  test  is  carried  out  in 
accordance  with  the  usual  method  (see  page  154). 

Components  required  for  the  test : 

1)  test  serum.  A  serum  which  is  known  to  be  positive  and  normal 
/crura,  inactivated  for  30  minutes  at  58°  on  theday  of  the  test.  Is 
iccessary  as  a  control; 

2)  glanders  antigen,  an  extract  prepared  by  shaking  a  suspension 
cf  dead  glanders  microbes; 

3)  complement  serum  from  a  guinea  pig; 

4)  hemolysin; 

5)  a  2.5^  suspension  (from  the  precipitate)  of  sheep  erythrocytes 
in  physiological  salt  solution.  The  glanders  antigen,  hemolysin  and 
glanders  control  serum  are  prepared  In  industrial  biological  labora¬ 
tories. 

Titration  of  glanders  antigen.  The  working  titer  of  the  antigen 
Is  fairly  constant  (usually  1:100  or  1:200).  A  check  Is  carried  out 
on  the  titer  indicated  by  the  biological  laboratory,  when  a  new  batch 
of  antigen  is  received  and  then  1-2  tiroes  a  year.  A  difference  of  at 
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most  25#  between  the  result  and  the  tlber  Indicated  by  the  suppliers 
Is  permissible. 

She  antigen  Is  tested  on  2  glanders  sera  with  different  activity, 
one  of  which  gives  complete  Inhibition  (++++)  and  two  -  normal.  The  ti¬ 
tration  Is  carried  out  by  the  so-called  square  method,  In  which  the 
zonal  activity  of  the  antigen  Is  studied  In  presence  of  active,  weakly 
active  and  strongly  diluted  glanders  sera. 

The  antigen  titer  Is  determined  on  the  basis  of  the  dilution  which 
gives  the  maximum  hemolysis  Inhibition  with  strongly  diluted  and  weak 
glanders  sera.  Naturally,  this  antigen  dose  In  Itself  must  not  have  an 
Inhibiting  effect  and  an  inhibition  of  hemolysis  in  presence  of  any 
normal  serum  with  this  antigen  dose  Is  not  permissible. 

Main  test.  The  test  serum  is  examined  in  a  dose  of  0. 05  cm^  and  a 

■a 

control  on  a  dose  of  0. 1  cmJ  is  carried  out  at  the  Bame  time  In  another 
test  tube  without  antigen.  The  inactivation  period  Is  30  minutes  at  a 
temperature  of  58°. 

Glanders  antigen  Is  used  for  establishing  the  titer. 

The  complement  is  taken  in  a  dose  determined  by  titration  In  a 
bacteriolytic  system  (see  above). 

The  complement  fixing  Is  carried  out  on  the  water  bath  at  a  tem¬ 
perature  of  37°  for  20  minutes. 

Hemolysin  with  working  titer  (i.e.,  double  the  nominal  titer). 

Erythrocytes  2. 5#  (from  the  precipitate  from  a  suspension  of  sheep 
erythrocytes  in  physiological  salt  solution). 

Duration  of  the  test  on  the  water  bath  20  minutes. 

The  results  of  the  main  test  are  evaluated  2  times :  20  minutes  af¬ 
ter  the  te3t  tubes  with  the  main  test  have  been  placed  on  the  water 
bath  and  a  second  time  after  the  stand  with  the  test  tubes  has  been 
left  overnight  at  room  temperature. 
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The  results  of  the  main  test  are  evaluated  in  the  following  terms: 
positive,  doubtful  (indicated  by  plus  signs)  and  negative  result.  A 
positive  result  is  inhibition  of  hemolysis  by  ++++,  +++  and  ++±  and 
doubtful  by  ++  and  +. 

Conglutination  test.  Ihe  conglutination  test  has  several  technical 
advantages  over  the  complement- fixing  test,  the  possibility  of  carry¬ 
ing  out  the  test  without  guinea  pig  complement  and  without  the  hemoly¬ 
tic  system. 

The  guinea  pig  complement  in  the  conglutination  test  is  replaced 
by  horse  serum;  instead  of  rabbit  hemolysin,  bovine  serum  is  used. 

These  two  components  can  be  obtained  on  any  animal  farm  or  abattoir 
and  are  easily  preserved  without  losing  their  activity  for  long  periods 
of  time. 

By  conglutination  is  meant  the  agglutination  of  sensitized  ery¬ 
throcytes  by  inactivated  serum  (bovine  conglutinin)  in  presence  of  a 
complement  (horse  serum). 

In  principle,  conglutination  is  a  modification  of  the  complement- 
ixing  test  in  which  the  indicator  is  not  the  hemolysis  of  the  erythro¬ 
cytes  but  their  agglutination.  When  glanders  antigen  and  inactivated 
glanders  serum  are  added  to  the  conglutination  system  (inactivated  bo¬ 
vine  serum,  fresh  horse  serum  and  erythrocytes),  the  conglutination 
phenomenon  does  not  take  place,  but  if  the  horse  serum  to  be  tested 
does  not  contain  the  specific  glanders  antibody,  the  combination  of 
the  antigen  with  the  antibody  does  not  take  place,  and,  as  a  result, 
the  complement  which  is  not  fixed  by  this  complex  (antigen-antibody). 

Is  effective  in  the  conglutination  system  and  conglutination  occurs. 

In  the  absence  of  conglutination,  which  indicates  the  presence 
of  glanders  antibodies  in  the  test  serum,  the  precipitation  of  erythro¬ 
cytes  is  observed  in  the  test  tube;  this  precipitate  is  loose  and  easl- 
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ly  disintegrated  and  when  the  test  tube  Is  shaken.  It  is  transformed 
into  a  homogeneous  suspension  of  erythrocytes. 

In  presence  of  the  conglutination  phenomenon,  which  indicates  the 
absence  of  glanders  antibody  in  the  test  serum,  a  precipitate  of  erythro¬ 
cytes  is  formed  relatively  quickly  on  the  bottom  of  the  test  tube  in 
the  fonn  of  a  filmy  mass  which  is  easily  disintegrated  by  shaking  into 
separate  conpact  clumps  of  aggultinated  erythrocytes.  These  clumps  of 
erythrocytes  cannot  be  broken  even  by  energetic  shaking  and  settle 
again  quickly  to  the  bottom  of  the  test  tube. 

The  total  volume  of  the  reaction  components  in  the  test  tube  is 
•3 

2  cm  .  The  components  react  in  the  following  volumetric  proportions: 

0.3  cm^  of  the  test  serum  in  a  dilution  of  1:6;  0. 3  cm  of  antigen  in 
the  working  dose,  0.3  cmJ  of  complement  with  the  corresponding  titer, 

1  cm^  of  conglutinin  of  the  corresponding  titer  and  0.1  cra^  of  a  3# 
suspension  of  sheep  erythrocytes  in  physiological  salt  solution. 

The  titer  of  the  conglutinin  is  determined  in  a  conglutinating 
system  with  a  constant  dose  of  0. 1  cm^  of  complement  while  the  working 
dose  of  conglutinin  is  5  times  larger. 

The  testing  of  the  complement  (horse)  is  carried  out  with  a  con¬ 
stant  working  dose  of  conglutinin  in  presence  of  glanders  antigen.  The 
next  step  in  the  investigation  is  the  titration  of  the  complement  in  a 
bacteriolytic  system.  The  working  dose  of  the  complement  is  determined 
by  the  maximum  quantity  required  for  the  conglutination  of  the  ery¬ 
throcytes  in  presence  of  a  known  normal  serum  with  and  without  antigen 
with  a  correspondingly  marked  inhibition  of  conglutination  (absence  of 
any  traces  of  conglutination)  in  presence  of  a  known  positive  glanders 
serum;  in  Itself,  the  positive  serum  in  the  test  tube  without  antigen 
causes  marked  conglutination  with  a  double  dose  of  complement. 

The  titer  of  the  glanders  antigen  in  the  conglutination  test  is 
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normal.  The  fixing  time  in  the  bacteriolytic  system  in  the  main  test 
is  15  minutes  at  room  temperature.  The  reaction  of  the  main  test  lasts 
an  hour  on  the  water  bath  after  which  the  test  result  is  evaluated  for 
the  first  time  and  the  second  evaluation  is  carried  out  on  the  next 
day  (the  test  tubes  are  left  in  a  cold  place). 

The  absence  of  conglutination  is  considered  as  confirmation  of  a 
diagnosis  of  glanders  (+);  the  conglutination  of  the  erythrocytes  is 
interpreted  as  a  negative  reaction  (-). 

The  complement  and  the  conglutinin  are  easily  preserved  with  pro¬ 
longed  retention  of  activity  by  the  method  of  Sobernheim  (addition  of 
10#  sodium  acetate  and  4#  boric  acid). 

The  most  commonly  used  working  titer  of  the  conglut:.nin  is  0.5- 

^  ^  i  I 

0.01  cnr  and  that  of  the  complement  0.02  cm  . 

Agglutination  test.  This  test  Is  of  the  greatest  importance  for 
the  identification  of  the  isolated  culture  of  A.  mallei. 

Normal  agglutinins,  whose  titer  does  not  exceed  usually  1:400, 

•c  present  in  the  blood  of  healthy  humans  and  horses.  Indices  from 
.  ;u00  to  1:1000  are  evaluated  as  a  doubtful  result.  The  blood  of  hor¬ 


ses  suffering  from  glanders  agglutinates  glanders  microbes  in  serum  di¬ 
lutions  of  more  than  1:1000  to  1:8000  and  over. 

TABLE  76a 

Reaction  Scheme  of  Agglutination 


*  1 
ftpo-l 

OCMOBNO* 
p  aiNCM- 

OraiuapT. 

KoNOwnoe  pas- 

NW9  CM  BO- 
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1  ;  log^ 
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2 
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500 
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0,25 

2 
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900 
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0,2 

2 
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1100 

4 

0,15 

2 

1 

1400 

5 

0,1 

2 

1 

2100 

6 

0,05 

2 

1 

4 100 

7 

0,025 

2 

1 

8000 

1)  No.  of  test  tube;  2)  basic  dilu¬ 
tion  of  serum;  3)  standard  bacterial 
suspension,  ml;  4)  final  dilution  of 
the  serum. 
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A  suspension  of  killed  glanders  bacteria  of  a  certain  agglutina- 
ble  strain  is  used  as  antigen.  The  culture  is  grown  on  2 %  glycerol 
agar  for  2-3  days,  washed  off  with  physiological  salt  solution  contain¬ 
ing  0.5#  phenol  and  killed  by  keeping  at  60°  for  2  hours  with  subse¬ 
quent  control  of  the  sterility.  Prior  to  use,  the  antigen  is  brought 
up  to  the  visual  standard  corresponding  to  500  million  microbial  cells 
in  1  ml.  The  test  serum  is  not  Inactivated.  When  diluting  the  serum  it 
must  be  remembered  that  2  ml  antigen  must  also  be  added  to  each  test 
tube  (Table  76a). 

The  test  tubes  with  the  liquid  are  shaken  thoroughly  and  then 
placed  into  the  thermostat  at  37°  for  24  hours,  then  kept  for  12  to  24 
hours  at  room  temperature,  after  which  the  reaction  is  evaluated. 

When  the  agglutination  test  is  carried  out  for  the  purpose  of  iden¬ 
tifying  a  glanders  culture,  a  suspension  of  killed  microbes  is  prepared 
from  the  latter  in  accordance  with  the  above-described  method,  which 
is  then  tested  by  means  of  agglutinating  rabbit  serum  with  a  high  ti¬ 
ter  (2000  and  over).  The  agglutinating  glanders  serum  is  prepared  by 
immunizing  a  rabbit  with  increasing  doses  of  killed  glanders  culture. 
Detection  of  glanders  bacteria  by  means  of  the  biological  test 

Guinea  pigs  and  cats  are  susceptible  to  A.  mallei. 

Guinea  pigs.  The  material  taken  under  sterile  conditions  from 
closed  abscesses  is  injected  into  the  abdominal  cavity  of  a  male  guinea 
pig.  Within  2-4  days,  often  even  later,  edema  of  the  scrotum,  symptoms 
of  orchitis,  pyoderma  and  skin  ulcers  develop  in  the  animal  (scrotal 
phenomenon).  The  guinea  pigs  usually  die  within  15  days,  sometimes 
later.  Some  animals  survive. 

In  the  presence  of  material  contaminated  by  extraneous  microflora 
(from  open  abscesses,  ulcers,  nasal  discharges)  it  is  preferable  to  in¬ 
fect  the  guinea  pigs  subcutaneously  in  the  abdominal  region.  The  dura- 
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tlon  and  issue  of  the  disease  are  the  same  as  with  intraperitoneal 
infection.  The  guinea  pig  is  usually  killed  at  the  climax  of  the  di¬ 
sease  in  order  to  carry  out  inoculations  (see  above).  Allowance  must 
be  made  for  the  fact  that  the  scrotal  phenomenon  is  not  sufficiently 
specific  because  orchitis  may  also  develop  through  inoculation  with  B. 
pyocyaneum,  B.  pseudotuberculosis ,  etc. 

The  cats  in  which  the  pattern  of  glanders  septicemia  is  observed 
after  infection,  usually  die  on  the  8-15th  day,  rarely  later.  The  ma¬ 
terial  (pus,  etc.  )  is  introduced  under  the  skin  of  the  nect  in  the  oc¬ 
cipital  region  by  means  of  a  swab  into  a  skin  pocket  previously  made 
by  incision.  To  prevent  being  scratched  by  the  cat,  this  operation  is 
usually  carried  out  in  a  specially  adapted  box.  The  infected  cats  can 
spread  microbes  by  sneezing  and  spitting.  As  a  precaution,  the  cage 
in  which  the  cat  is  kept,  is  covered  with  gauze  which  is  periodically 
moistened  with  a  solution  of  corrosive  sublimate.  The  cat  is  killed 
on  the  5- 8th  day  after  infection.  For  safety  reasons,  the  cadaver  is 
~.t  copiously  wetted  with  carbolic  acid  solution.  In  view  of  the 
.ecial  hazard  of  working  with  cats,  infection  of  guinea  pigs  is  pre¬ 
ferred  because  they  can  be  manipulated  more  easily  and  with  less  dan¬ 
ger  . 

[Footnotes ] 

Lepromin  Is  prepared  by  biopsy  of  lepromas  of  leprosy  pa¬ 
tients. 
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SYPHILIS 

Prof.  N.M.  Ovchinnikov 

Morphology  and  Biology  of  Tr.  pallidum 

The  pathogenic  agent  of  syphilis,  treponema  pallidum  (pale  trepon¬ 
ema)  Is  a  microorganism  with  corkscrew  shape,  an  average  length  of  6  to 
14  m-  and  a  diameter  of  0.25  to  0.35  u.  The  number  of  turns  of  the  helix 
varies  between  8  and  12.  The  helices  are  uniform,  with  rounded  tips, 
the  distances  between  them  are  uniform,  the  height  of  the  windings  de¬ 
creases  towards  the  ends.  The  pale  treponema  is  devoid  of  flagella. 
Treponema  grows  well  on  a  number  of  liquid  media,  some  cases  of  growth 
on  solid  media  are  also  reported  (Fig.  125,  which  differ  morphelogical- 


Fig.  125-  Treponema  pallidum  from  a  culture. 

ly  only  slightly  from  treponema  present  in  tissues. 

Antigen  Structure 

The  antigen  composition  of  treponemas  (in  cultures  and  tissues)  is 
so  closely  similar  that  the  antigens,  prepared  from  cultured  treponemas 
are  being  increasingly  used  recently  for  the  complement -fixation  test 
for  syphilis.  The  pale  treponema  does  not  produce  a  toxin.  There  is  not 
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a  single  species  of  animal  which  contracts  syphilis  under  normal  condi¬ 
tions.  Infection  of  monkeys  and  rabbits  is  possible  under  artificial  c 
conditions,  and  chancres  develop  in  rabbits  and  secondary  symptoms 
(usually  papules)  containing  treponemas  are  found. 

Resistance  to  Physical  and  Chemical  Factors 

The  resistance  of  the  pale  treponema  to  ambient  influences  is 
relatively  low.  Keeping  it  at  a  temperature  of  55°  for  15  minutes  kills 
it.  The  pale  treponema  is  very  sensitive  to  acids.  In  0.3-0.5#  hydro¬ 
chloric  acid  it  loses  its  mobility  instantly.  In  50-56"  alcohol  trepon¬ 
ema  loses  its  motility  immediately.  Penicillin  in  a  concentration  of  5 
to  5000  YeD  per  1  ml  does  not  stop  the  movement  of  treponemas  for  4 
hours  and  20  minutes  and  their  viability  is  not  effected.  Penicillin  in 
a  concentration  of  40,000  YeD  in  1  ml  quickly  stops  the  movement  of  tre¬ 
ponemas.  Synthcmycin,  levomycetin,  biomycin  and  streptomycin  do  not 
have  a  marked  effect  on  the  pale  treponema. 

LABORATORY  DIAGNOSIS  OF  SYPHILIS 

Laboratory  diagnosis  is  used  for  detecting  syphilis  in  humans  and 
also  for  the  control  of  the  effectiveness  of  syphilis  therapy. 

Different  methods  of  diagnosis  are  used  depending  on  the  stage  of 
syphilis.  In  cases  of  a  hard  chancre,  the  content  of  the  ulcer  is  ana¬ 
lyzed  for  the  presence  of  treponema,  When  ulcers  are  absent,  in  second¬ 
ary  and  tertiary  syphilis,  serological  examination  of  the  blood  serum 
and  spinal  fluid  Is  carried  out. 

Culturing  has  not  been  used  to  establish  a  diagnosis  of  syphilis, 
because  a  method  which  gives  a  culture  of  treponema  every  time  has  not 
yet  been  developed. 

Test  Materials;  Sampling 

All  erosions  and  ulcers  on  the  urogenital  organs  are  examined  for 
the  presence  of  the  pale  treponema.  Testing  of  soft  chancres  for  the 


1012  - 


presence  of  streptobacillus  is  carried  out  simultaneously  with  the  ex¬ 
amination  for  pale  treponema.  In  view  of  the  different  incubation  per¬ 
iods  of  syphilis  and  soft  chancre,  the  soft  chancre  bacillus  is  found 
first  in  cases  of  mixed  chancres  and  the  pale  treponema  later.  When  a 
single  negative  result  is  obtained,  the  examination  is  repeated  several 
times.  When  the  results  of  the  examination  of  discharges  from  ulcers  on 
the  external  sex  organs  of  female  patients  are  negative  it  is  necessary 
to  examine  the  cervix  and,  in  cases  of  suspected  erosions,  the  dis¬ 
charges  from  the  latter.  If  treponema  is  not  found  in  a  patient  who  has 
een  given  local  therapy,  douches  with  physiological  salt  solution  are 
prescribed  and  the  examination  repeated  the  next  day. 

The  pale  treponema  can  also  be  detected  in  syphilitic  blotches  and 
papules.  The  detection  of  treponema  is  more  difficult  during  the  stage 
when  these  formations  have  been  reabsorbed. 

The  results  of  the  examination  depend  to  a  considerable  degree  on 
the  care  taken  in  sampling.  It  is  important  to  remember  that  the  ton¬ 
sils  must  also  be  examined  for  presence  of  pa? e  treponema.  When  materi¬ 
al  is  taken  from  the  lips,  the  contamination  of  the  test  material  with 
saliva  and  with  this,  of  spirochaetas  present  in  the  teeth,  must  be 
avoided. 

The  surface  of  erosions  or  ulcers  is  freed  of  pus  with  cotton  wool 
and  moistened  with  physiological  salt  solution,  taking  care  not  to 
chafe  the  surface  of  the  ulcer  to  avoid  hemorrhage.  Then,  using  a  metal 
spatula  which  has  been  heated  and  allowed  to  cool,  the  surface  of  the 
ulcer  is  slowly  pressed  out;  the  discharge  does  not  appear  immediately. 
The  dense  part  of  the  chancre  must  be  pressed  out,  trying  to  obtain  the 
fluid  from  deeper  layers  because  the  pale  treponema  is  found  there  in 
the  pure  form  and  saprophytic  treponema  is  hardly  ever  present. 

If  the  tissue  fluid  is  difficult  to  extract,  the  edges  of  the  ul- 


-  1013  - 


cer  can  be  compressed  with  forceps  or  with  the  fingers.  By  carrying  out 
this  manipulation  several  times  it  is  possible  to  obtain  a  sufficient 
quantity  of  fluid  for  examination. 

A  small  drop  of  the  tissue  fluid  is  applied  to  a  thin,  clean  ob¬ 
ject  glass  and  a  cover  glass  put  over  it.  When  there  is  too  little 
fluid,  it  can  be  added  to  a  drop  of  physiological  salt  solution  which 
has  first  been  applied  to  the  object  glass.  Large  drops  are  to  be 
avoided,  because  the  treponemas  swim  around  in  it  and  are  then  diffi¬ 
cult  to  detect. 

If  the  erosion  is  situated  in  a  difficultly  accessible  site  and 
also  when  the  ulcers  are  severely  contaminated  with  extraneous  micro- 
flora,  puncture  of  the  lymph  nodes  is  carried  out.  The  puncture  is 
carried  out  with  the  patient  in  a  supine  position  in  the  following  man¬ 
ner.  The  hairs  on  the  surface  of  the  gland  which  is  to  be  punctured, 
are  shaven  off  and  the  skin  is  disinfected  with  alcohol  and  painted 
with  iodine.  A  thin  needle,  not  a  thick  one,  with  a  blunt  point  which 
.its  well  into  the  syringe  is  used  for  the  puncture.  The  lymph  node  is 
firmly  held  with  two  fingers  of  the  left  hand  and  the  syringe  held  in 
the  rignt  hand  with  the  needle  fitted  and  the  puncture  carried  out  in 
st-iges,  first  in  the  skin  and  then  in  the  gland.  Having  made  sure  that 
the  needle  is  in  the  lymph  node,  it  is  moved  parallel  to  the  capsule  in 
the  direction  of  the  opposite  end  and  then  slowly  withdrawing  the 
needle,  the  contents  of  the  node  are  sucked  out.  Before  withdrawing  the 
needle  from  the  node,  the  piston  of  the  syringe  must  be  held  to  prevent 
the  contents  from  running  out.  0.2  ml  sterile  physiological  salt  solu¬ 
tion  may  be  injected  into  the  gland  and  by  sucking  it  out  and  removing 
it  from  the  syringe,  a  considerable  quantity  of  test  material  may  be 
obtained. 
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Microscopic  Examination 

'Hie  best  Method  of  detecting  the  pale  treponema  is  examination 
with  dark  field  illumination.  The  advantage  of  the  method  is  the  rapid¬ 
ity  of  the  examination  and  the  presence  of  mobile  treponemas  which  are 
more  easily  detected  because  of  their  movement  and  more  easily  differ¬ 
entiated  by  the  nature  of  the  movements  from  other  types  of  treponema. 

Viewing  in  the  durk  field  is  carried  out  by  means  of  special  con¬ 
densers  (cardioid  condenser,  paraboloid  condenser,  lamellar  condensers, 
etc.  ).  In  the  absence  of  special  condensers  a  satisfactory  image  can  be 
otained  by  attaching  a  small  circular  piece  of  black  photographic  pa¬ 
per  to  a  normal  condenser.  For  this  purpose,  the  Abbe  condenser  is  un¬ 
screwed  and  the  circle  of  black  photographic  paper  with  a  size  approxi¬ 
mately  that  of  a  1‘3-kopik  coin  placed  accurately  into  the  center  of  the 
upper  surface  of  the  lower  lens.  A  free  annular  area  with  a  width  of 
.1  run  should  remain  on  the  periphery  of  the  lens.  The  both  halves  of  the 
condenser  are  joint,  and  the  field  of  view  is  controlled.  If  the  field 
is  still  too  bright,  a  circle  of  larger  size  is  used  and  if  it  is  too 
lark,  then  a  smaller  circle  is  made.  A  fairly  good  dark  field  can  be  ob¬ 
tained  by  means  of  this  adjustment. 

The  object  glasses  for  dark  field  illumination  should  not  be  thick¬ 
er  than  1.-1.2  mm  and  should  be ‘free  of  scratches  and  grease.  The  cover 
'lasses  should  also  not  be  too  thick.  For  viewing  with  dark  field  il¬ 
lumination,  the  microscope  stage  with  the  condenser  is  placed  into  a 
horizontal  position.  A  drop  of  water  is  applied  to  the  upper  surface  of 
tr.e  condenser  and  the  object  glass  with  the  test  material  placed  on  top. 
Microscopy  is  usually  carried  out  with  an  objective  No.  kO  and  ocular 
No.  10.  When  an  immersion  system  is  used,  the  objective  must  be  fitted 
with  a  .  r  la*  diaphragm  and  immersion  oil  put  on  the  object  glass. 

In  ‘.'re  lark  field,  the  pale  treponema  js  seen  in  the  form  of  a 
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thin  helix,  which  shines  with  uniform  brightness.  Typical  for  the  pale 
treponema  are  the  smooth  movements;  particularly  typical  is  a  pendulum- 
like  motion.  The  treponema  is  sometimes  bent  at  an  angle.  When  materi¬ 
als,  obtained  from  the  urogenital  pathways,  are  examined  for  pale  tre¬ 
ponema,  the  latter  must  not  be  confused  with  Borellia  refringens,  which 
is  present  in  particularly  large  numbers,  whan  the  material  has  been 
taken  from  the  surface  of  an  ulcer.  The  spirochaeta  of  the  type  refrin- 
gsns  is  much  thicker  than  the  pale  spirochaeta,  the  windings  are 
coarser,  wider,  more  irregular  and  the  tips  are  acuminate.  They  move 
quickly  across  the  field  of  vision,  stop  and  then  continue  to  move. 

When  material  from  the  oral  cavity  is  examined,  it  is  necessary  to 
differentiate  from  the  spirochaetas  which  are  often  found  in  the  oral 
cavity,  particularly  in  presence  of  various  teeth  (Borellia  buccalls, 
Borellia  Vincent!,  treponema  macrodentlum,  Treponema  microdentlum)  and 
the  treponema  which  causes  rabbit  spirochaetosis  (treponema  cuniculi). 

In  tropical  countries  one  finds  species  of  treponema  which  cause 
/aws  (treponema  pertenue)  and  pint:,  i.sease  (treponema  carateum).  These 
'.reponemas,  like  the  treponema  of  rabbit  syphilis,  are  so  similar  to 
the  pale  treponema  that  they  cannot  be  distinguished  from  it  by  micro¬ 
scopic  examination.  These  dif eases  arc  not  found  in  our  regions,  how¬ 
ever,  and  rabbit  syphilis  is  n infectious  for  humans. 

Great  difficulties  for  diagnosis  are  caused  by  Tr.  microdertium, 
but  it  is  shorter  and  usually  thicker  than  the  pale  treponema.  When 
viewed  in  the  dark  field,  the  dental  treponema  show  some  bending  motions 
and  it  appears  brighter  than  the  pale  treponema. 

Viewing  in  the  dark  field  is  the  only  method  which  can  be  recom¬ 
mended  for  practical  purposes;  examination  with  phase  contrast  or  by 
means  of  an  anaptral  device  does  not  have  any  practical  advantage  over 
the  dark  field.  In  preparations,  stained  by  different  methods,  the  num- 
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ber  of  treponema  is  less  and  their  morphology  is  also  altered  in  a  con¬ 
siderable  degree.  If  the  positive  results  obtained  with  dark  field  ex¬ 
amination  of  treponema  are  taken  according  to  £lze  as  100#,  only  15# 
are  detected  by  examining  Romanovskiy-Giemsa- stained  preparations  and 
when  they  are  treated  with  India  ink,  only  7/^. 

Nonetheless,  recourse  .o  staining  of  preparations  must  be  had  at 
times.  For  this  purpose,  staining  with  Romanovskiy-Giemsa  dye  is  the 
most  suitable  method.  The  air-dried  preparations  are  fixed  methyl  alco-  . 
rv]  or  a  mixture  of  equal  part  of  ethyl  alcohol  and  ether  for  10-15 
:  nut  as.  The  staining  method  Is  the  same  as  with  blood  preparations. 

The  straining  time  depends  on  the  staining  capacity  of  the  dye.  With 
t:iis  method,  the  pale  treponema  are  stained  a  darker  color  with  a  vio¬ 
let  or  blue  tinge. 

Of  the  methods  of  silver-staining,  the  simplest  method  and  one 
wr.ich  gives  satisfactory  results  is  that  of  M.  A.  Morozov.  With  this 
treatment,  the  treponema  appears  brown  or  almost  black. 

"erologlcal  Tests 

With  all  forms  of  syphilis,  serological  tests  are  used  in  the  ab¬ 
sence  of  clinical  symptoms.  A  complex  of  seriological  tests  is  used  for 
the  serodiagnosis  of  syphilis:  the  Wasseraann  test  and  two  precipita¬ 
tion  tests,  that  of  Kahn  and  the  cytochol  test.  In  insufficiently 
equipped  laboratories  or  under  field  conditions,  the  complement-fixation 
test  may  be  replaced  by  a  modification  of  it  (Grigor 'yev-Rapoport  test, 
Weinstein- Reznikova  test,  Ginzburg-Xalinin  activin  test)  but  these  sim¬ 
plifications  are  to  some  degree  reflected  in  the  quality  of  the  test 
results.  All  the  simplified  modifications  on  glass  (Maksimov,  TsKVI, 
Mi.nriula-f erenc,  Izrael'son  test,  etc.)  give  only  tentative  conclusions, 
’■’hen  positive  results  are  obtained  with  them,  another  serological  exam- 
’  at  ion  n.;  on  the  above-mentioned  complex  is  necessary. 
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A  quantity  of  5-7  ml  of  blood  is  taken  for  the  examination  with  a 
needle  and  dry  syringe  or  by  free  flow  from  the  ulnar  vein  of  the  pa¬ 
tient  on  an  empty  stomach,  with  children  from  an  incision  in  the  heel 
or  from  the  cranial  vein.  Blood  should  not  be  taken  from  patients  with 
fever,  after  the  consumption  of  alcoholic  beverages  or  two  weeks  before 
or  after  birth. 

The  blood  is  transferred  from  the  syringe  to  a  clean,  dry  test 
tube.  The  test  tube  with  tn  ■  blood  is  left  for  2  hours  at  room  temper¬ 
ature,  then  the  blood  clot  is  carefully  removed  from  the  walls  of  the 
test  tube  and  the  test  tube  placed  into  the  refrigerator.  The  super¬ 
natant  serum  is  sucked  off  on  the  next  day. 

When  it  is  not  feasible  to  examine  the  serum  on  the  spot,  it  may 
be  dried.  For  this  purpose,  1  ml  of  serum  without  any  admixture  of 
erythrocytes  is  collected  with  a  syringe  or  pipette  and  put  on  wax  pa- 
paer,  cellophane,  praf fined  glass  or  simply  writing  paper  in  the  form 
of  two  circular  spots  of  0.5  ml  each.  To  each  portion  of  serum  spread 
for  drying,  3  drops  of  40#  sucrose  solution  is  added.  The  sugar  solu¬ 
tion  is  added  to  prevent  denaturation  of  the  proteins.  The  serum  is 
then  dried  at  room  temperature  in  a  dry  place  protected  against  flies; 
the  drying  is  accelerated  by  ventilation.  The  dried  serum  is  not  suita¬ 
ble  for  use  longer  than  5  days  from  the  moment  of  preparation  in  the 
southern  regions  and  10  days  in  the  other  parts  of  the  USSR. 

It  is  not  recommended  to  use  dried  serum  for  the  testing  of  blood 
donors.  Dried  serum  is  suitable  for  carrying  out  the  Wassermann  and  the 
precipitation  test  and  is  not  suitable  for  the  determination  of  active 
modifications.  In  places  where  facilities  for  examining  the  native 
serum  exist,  the  dried  serum  need  not  be  used. 

At  the  laboratory,  the  dried  serum  is  removed  from  the  cellophane, 
wax  paper  or  glass  and  placed  into  a  test  tube,  and  when  it  has  been 
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dried  on  writing  paper,  the  circules  are  cut  out  together  with  the  pa¬ 
per  and  physiological  salt  solution  is  added  to  it  in  the  same  volume 
as  that  of  the  serum  originally  used  and  dried. 

Wassermann  Test  (Complement-Fixation  Test)  '■ 

Test  serum,  antigen,  complement,  hemolytic  serum  and  sheep  erythro-  J 

cytos  are  needed  to  carry  out  this  test. 

The  complement-fixation  test  has  been  described  in  principle  on 
page  15^.  Here  we  shall  mention  certain  peculiar  features  which  are 
.  j;;ific  for  the  Wassermann  test. 

Serum.  Before  the  Wassermann  and  precipitation  test  can  be  carried  } 

out,  the  test  serum  is  inactivated  by  keeping  at  56°  for  30  minutes. 

Antigens.  Three  antigens  are  used,  one  of  which  should  be  a  cardi- 
•-lipin  antigen.  The  antigens  are  prepared  from  the  organs  of  healthy 
animals.  Antigens  from  cultures  of  treponema  and  their  fractions  and 
antigens  from  pale  treponema,  obtained  from  orchitis  of  syphilitic  rab¬ 
bits,  are  currently  also  used.  The  antigens  from  treponema  are  highly 
:ensitive  and  specific.  The  most  valuable  of  the  culture  antigens  are 
the  "sonicated"  antigen  and  the  treponema  protein  fraction,  which  dif¬ 
fer  from  the  cardiolipin  antigen  by  given  fewer  postive  reactions  with 
patients  who  have  received  proper  treatment  and  which  detects  the  anti¬ 
bodes  earlier.  The  antigen  from  tissue  treponema  is  also  valuable.  When 
* hese  three  antigens  are  used  (particularly  the  cardiolipin,  protein 
fraction  and  the  sonicated  antigen),  the  maximum  number  of  syphilis 
cases  can  be  detected  and  the  treating  physician  can  be  given  a  better 
idea  of  the  immunological  state  of  the  patient. 

The  nonspecific  antigens  should  be  kept  at  room  temperature  in  a 
glass  vessel,  sealed  tightly  with  a  cork  stopper.  The  treponema  anti- 
■ens  are  kept  in  a  refrigerator.  For  the  test,  the  antigens  are  required 
: a  iilu'ion  corresponding  to  their  titer  which  is  indicated  on  the 
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label.  The  titer  gives  the  quantity  of  pure  antigen  in  milliliters  of 
the  physiological  salt  solution.  A  0. 85jf  sodium  chloride  solution  in 
distilled  water  which  has  been  recently  boiled  to  remove  the  carbon 
dioxide,  is  required  for  the  dilution  of  the  antigens  and  other  ingred¬ 
ients  for  the  Wassermann  test.  The  method  of  dilution,  slow  or  rapid, 
is  also  given  on  the  label. 

Complement  (see  page  163 ). 

Main  test.  The  test  is  carried  out  with  a  volume  of  2.5  ml  but  it 
nay  also  be  carried  out  in  a  volume  of  1. 25  ml. 

The  test  result  is  evaluated  on  the  basis  of  the  hemolysis  taking 
place  in  the  test  tubes. 

Every  test  must  be  accompanied  by  a  control  test  carried  out  with 
previously  known  negative  and  positive  sera. 

Hie  main  Wassermann  test  is  shown  schematically  (in  half  doses)  in 
Table  77. 

Complete  hemolysis  takes  place  in  the  test  tubes  when  the  result 
is  negative,  with  positive  results  there  is  a  varying  degree  of  hemoly¬ 
sis  inhibition.  The  degree  of  hemolysis  is  designated  by  plus  signs: 
++++  (complete  inhibition  of  hemolysis,  supernatant  fluid  colorless): 
+++  (strong  inhibition  of  hemolysis):  ++  (partial  inhibition  of  hemoly¬ 
sis):  +  (traces  of  hemolysis):  +  (doubtful  result):  -  (complete  hemoly¬ 
sis,  negative  result). 

In  the  cases  in  which  the  hemolysis  inhibition  may  primarily  be 
due  to  faulty  technique  and  also  in  cases  where  there  is  a  marked  dif¬ 
ference  between  the  test  results  obtained  with  different  antigens,  the 
examination  should  be  repeated  with  the  same  portion  of  serum  and,  if 
necessary,  with  a  new  portion. 

Quantitative  Wassermann  test  method.  For  the  purpose  of  comparing 
different  methods  of  syphilis  therapy,  for  the  control  of  the  results 
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of  the  therapy,  in  cases  when  positive  results  are  obtained  on  patients 
which  had  not  syphilis,  etc.,  the  quantity  of  reagins  or  antibodies  in 
the  syphilitic  sera  is  determined,  for  which  purpose  the  so-called 
quantitative  method  is  used.  Several  methods  have  been  proposed.  The 
simplest  and  most  convenient  is  the  method  of  Boas  using  decreasing 
doses  of  test  serum.  The  quantitative  method  is  carried  out  only  with 
positive  sera  giving  H-H-,  +++  at  the  usual  serum  dilution.  For  this 
purpose,  the  serum  is  diluted  with  physiological  salt  solution  from 
]  :  5  to  1  :  320  (1  :  5,  1  :10,  1  :  20,  1  :4o,  etc.)  and  the  Wassermann 
v  st  carried  out  with  each  serum  dilution  with  one  antigen  in  a  volume 
of  1.25  ml.  The  result  indicates  the  minimum  serum  dilution  r.t  which 
complete  hemolysis  inhibition  can  be  obtained. 

The  dynamic  quantitative  method  is  of  great  assistance  to  the 
treating  physician.  A  lowering  of  the  titer  during  treatment  attests  to 
the  efficacy  of  the  therapy  used  in  the  particular  case.  A  certain 
titer  is  typical  for  every  stage  of  syphilis.  For  example,  in  secondary 
yphijis,  the  highest  titers  are  found  (1:160-1:320);  titers  of  1  :  80 
are  most  frequently  found  in  cases  of  latent  syphilis,  etc. 

A  much  greater  number  of  positive  results  and  higher  titers  are 
’ ained  when  the  complement  fixing  test  is  carried  out  in  the  cold.  By 
1 : an s  of  this  method  it  is  also  possible  to  obtain  earlier  results  in 
■  1  os  of  primary  syphilis.  The  difference  between  the  usual  method  and 
the  complement-fixation  in  the  cold  is  only  that  after  addition  of  the 
antigen  and  complement  to  the  test  serum  (first  reaction  phase),  the 
test  tubes  are  left  for  12-20  minutes  at  room  temperature  and  then 
placed  into  a  refrigerator  at  a  temperature  of  4-8°  for  18-20  hours. 

The  next  day  the  test  tubes  are  transferred  to  the  thermostat  (37°)  for 
minutes,  then  the  hemolytic  system  is  added  and  the  test  tubes  again 
placed  into  the  thermostat  for  20-30  minutes  (until  hemolysis  in  the 
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control  test  Is  complete).  The  results  are  evaluated  by  the  usual  me¬ 
thod.'  '  I  V  '  V' 

TABLE  77 


Main  Wassermann  Test  (with  a  volume  of  2.5  ml) 


H«rpUM*m,  m 


I*.  MHiKTMMpOMNNM  NCnUTyCMlR  CMAOpOTKA 

0,85%  ^MMMorxxccKxl  jucraop  .... 
5  AHwrtR  cep**  M  1,  pamcachhuA  no 

-  T*tpy  .  . 

0  Antwrcn  ccpm  M  2,  pmmacmmuA  no 
tirrpy . ■ . 

7  AMturen  ccpm  M  3,  p«3M«exMuA  no 

Tirrpy . . 

8  KounjiCMCHT,  pasieAcnnuA  comacho  p«- 

0O<wA  AOM  . . . 


|  M  npofepox  2 

KOHTpMfc 

3  ... 

1 

S 

a 

1 

0 » l 

0,1 

0,1 

0,1 

0,4 

0,4 

0,4 

0,9 

0,5 

— 

— 

— 

— 

0.5 

— 

— 

— 

— 

0,5 

— 

0,5 

0,5 

0,5 

0,5 

^  B  TepHOCTAT  HA  45  MHHyT 


10  r«iojiHTH<iecKA«  cmctcha  (c*hcx5h^ihsh- 
POAAHHAA)  .  . 


1.0 


1.0 


11  B  TCpMOCTAT  HA  40—50  MHHyT  A  33BHCHMOCTH  0T  KACTyn.lAHHH 
reMOAMAA  A  KOHTpOAHX 

1 2  PernrrpAUHH  onirrA  tioejie  MAcrynAtHH*  tcmojihsa  ao  acex  kohtpojihx 


13  Pesy.TATAT: 

14  |.  C  CUSOpOTXoA  eo.lkHOfO  ch^h/ihcom 
13  2.  C  MOpMAJIkHOA  CMAOpOTKOft  .  .  .  . 


-r 

-r 

-r 

+r 

+r 

+r 

+r 

+r 


Remark:  -G  complete  inhibition  of  hemolysis;  +G  com¬ 
plete  hemolysis. 

1)  Ingredients,  ml;  2)  no.  of  test  tube;  3)  control; 
4)  inactivated  test  serum  in  0.85#  physiological  salt 
solution;  5)  antigen  series  No.  1,  diluted  to  a  titer 
of:  6)  antigen  series  No.  2,  diluted  to  a  titer  of; 

7)  antigen  series  No.  3,  diluted  to  a  titer  of;  8) 
complement,  diluted  in  accordance  with  the  working 
dose;  9)  in  the  thermostat  for  45  minutes;  10)  hemo¬ 
lytic  system  (sensitized);  11)  in  the  thermostat  for 
40-60  minutes  depending  on  the  beginning  of  hemolysis 
in  the  control  tests;  12)  recording  of  the  test  re¬ 
sults  after  hemolysis  has  begun  in  all  control  tests; 
13)  result;  14)  with  serum  from  a  syphilitic  patient; 
15)  with  normal  serum. 


Active  Methods  of  Sorodlagnosis 

In  cases  when  it  is  impossible  to  carry  out  the  Wassermann  test, 
it  may  be  replaced  by  its  active  modification  with  two  simultaneous 


precipitation  tests.  The  grigor’yev  —  Rapoport  test  (Table  78)  or  the 
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Weinstein- Re znikova  test  (Table  79)  are  used.  The  form.-r  is  based  on 
the  use  of  the  complement  of  the  test  serum  and  the  second,  on  that  of 
complement  and  hemolysin.  Unheated  serum  is  required  for  either  test. 


The  recording  of  the  test  results  is  carried  out  immediately  after 
hemolysis  has  begun  in  the  control  test  tubes.  If  hemolysis  inhibition 
is  observed  in  the  control  serum,  the  examination  is  repeated  with  ad¬ 
dition  of  0.2  negative  active  serum. 


TABLE  78 

Reaction  Scheme  of  the  Grigor'yev  and  Rapoport  Test 
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1 

1 

> 

1 
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0,2 

0,2 

0,2 

4  $M3NO.iorH<<ecKHA  pacTBOp  ,  .... 

0.5 

0,5 

0,8 

5*H«ireH  nppBOH  cepim . 

0,3 

-  1 

— 

6  AxTxrm  BTopoft  cepmt . 

__  • 

0,3 

BCTpmiMMHMe 

7  25  Mintyr  npx  komhbthoA  Tcunepirype 


8  r CMOJTNTMVeCKfllv'  CMCTCMfl . |  1,0  j  1,0  |  1,0 

7  BCTpHXHStHMe 

25  MMNyr  npx  komhsthoA  rexnfparyp* 

^  p»y/ikTiTOB 

1)  Ingredient,  ml;  2)  no.  of  test  tube;  3)  active 
serum;  4)  physiological  salt  solution;  5)  antigen 
of  the  first  series;  6)  antigen  of  the  second 
series;  7)  shaking  for  25  minutes  at  room  tempera¬ 
ture;  8)  hemolytic  system;  9)  evaluation  of  results. 


TABLE  79 


Reaction  Scheme  of  the  Wainstein-Reznikova  Test 


M  itpjBiipm 
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M« 
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1  (nCHtv.Ha,)  • . 
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0,75 
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2  (OCXOnHBB)  .  ,fc. 

0,2 

0,3, 

•- 

3  HRxyni  o 

0,75 

npM  tennepa- 

3  (KOMTpOJIBNml  J  . 

0,2 

0,3 

0,75 

ryp«  24—28* 

1)  No.  of  test  tube;  2)  active  serum,  ml;  3)  diluted 
antigen;  4)  physiological  salt  solution  (mil;  5)  1# 
defibrinated  sheep's  blood  (ml);  6)  main;  7)  control; 
8)  shaking  3  minutes;  9)  45-63  minutes  at  a  tempera¬ 
ture  of  24-28°. 
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PRECIPITATION  TESTS 


In  addition  to  the  Wassermann  test,  the  Kahn  test  and  the  cytochol 
test  form  part  of  the  recommended  test  complex  for  the  seriodiagnosis 
of  syphilis.  Inactivated  test  serum  and  Kahn  antigen  are  required  for 
the  Kahn  test.  The  antigen  is  diluted  in  accordance  with  the  titer  in¬ 
dicated  on  the  label.  To  dilute  the  antigen,  the  required  quantity  of 
physiological  salt  solution  is  measured  into  a  test  tube  and  n  certain 
quantity  of  antigen  into  another.  The  physiological  salt  solution  is 
quickly  added  to  the  antigen  and  the  mixture  transferred  6  times  from 
one  test  tube  to  another  and  then  left  at  room  temperature  for  1G  min¬ 
utes  for  maturation.  To  carry  out  the  test,  0.025  ml  of  the  antigen  sus¬ 
pension  is  first  placed  into  a  test  tube  with  a  micropipette  which 
reaches  down  to  the  bottom  of  the  test  tube.  0.15  ml  of  the  test  serum 
is  then  added.  The  stand  is  shaken  energetically  for  3  minutes,  0.5  ml 
physiological  salt  solution  added  and  again  shaken.  A  single  control 
test  is  carried  out:  instead  of  serum,  the  corresponding  quantity  of 
physiological  salt  solution  is  added  to  the  antigen  suspension  and  after 
.  baking  ior  3  minutes,  another  0.5  ml  of  physiological  salt  solution  is 
added  and  again  shaken.  The  results  are  evaluated  by  means  of  an  agglu- 
tinoscope  or  magnifying  glass  after  addition  of  physiological  salt  sol¬ 
ution  and  shaking.  A  flocculent  precipitate  is  seen  in  positive  sera, 
while  the  flakes  are  absent  in  negative  sera. 

Cytochol  test.  Inactivated  serum  and  Sachs  -  Vitebskiy  antigen  are 
required  for  this  test. 

For  the  dilution,  one  part  of  antigen  is  quickly  run  into  2-3  parts 
physiological  sodium  chloride  solution  (depending  on  the  titer)  and 
left  10  minutes  at  room  temperature  to  mature. 

To  carry  out  the  test,  0.05  ml  of  diluted  antigen  and  0.1  ml  serum 
are  mixed,  shaken  for  3  minutes,  left  at  room  temperature  for  30  minutes, 
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0.  ml  salt  solution  added  and  again  shaken.  A  single  control  test  Is 


again  carried  out  by  adding  to  a  test  tube  physiological  salt  solution 


instead  of  the  serum  and  the  other  ingredients  as  in  the  main  test.  The 


results  are  evaluated  by  means  of  a  magnifying  glass  or  an  agglutino- 


scope  after  addition  of  physiological  salt  solution  and  shaking.  Flakes 


are  precipitated  in  positive  sera,  while  the  precipitation  of  flakes  is 


absent  in  negative  sera. 


All  the  above-listed  tests  are  recommended  in  accordance  with  the 


Inst ructions  for  the  test  complex  for  syphilis  diagnosis  and  are  used 


i:.  most  laboratories  of  the  USSR.  In  addition,  microprecipitation  tests 


on  glass  have  been  proposed  which  are  of  relative  importance  only.  They 


are  very  simple  and  differ  only  with  regard  to  the  antigen  requirement 


(:'or  the  Schirwindt  and  Maksimov  tests,  Sachs-Vitebskiy  cytochcl  anti¬ 


gen  is  needed,  for  the  Izrael'son  test,  a  special  alcoholic  extract 


from  bovine  gray  matter  and  for  the  TsKVI  test,  the  universal  antigen 


TjKVT). 


The  principle  of  all  these  tests  consists  in  the  addition  of  an 


antigen  suspension  to  a  certain  quantity  of  test  serum;  after  mixing  of 


t/.u  two  ingredients,  the  results  can  be  evaluated  a  few  minutes  later. 


When  the  test  is  positive,  flakes  are  precipitated,  when  it  is  negative. 


■he  flakes  are  absent. 


All  these  tests  are  only  tentative.  When  positive  results  are  ob¬ 


tained  with  any  of  them,  the  examination  must  be  repeated  in  accordance 


with  the  usual  complex. 


In  addition  to  the  serological  examination  of  the  blood  serum  in 


syphilis,  particularly  in  late  forms  of  syphilis,  the  spinal  fluid  is 


tested  in  cases  of  syphilis  of  the  nervous  system  and  for  determining 


whether  a  cure  has  been  achieved.  The  Wassermann  test  is  carried  out 


with  three  doses  of  spinal  fluid:  undiluted  and  diluted  with  physiolog- 
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ical  salt  solution  in  a  ratio  of  1  :  1  and  1  :  5.  In  view  of  the  fact 
that  the  spinal  fluid  does  not  have  any  anticomplement  properties,  the 
complement  is  used  in  titrated  dose  without  addition.  The  examination 
is  carried  out  with  each  dose  of  serum.  The  results  are  given  separate¬ 
ly  for  each  dilution. 

In  addition  to  the  Wassermann  test,  cytosis,  and  the  protein  con¬ 
centration  are  determined  in  the  spinal  fluid  and  globulin  tests  (Nonne- 
Apelt,  Weicnbrodt  and  Pandi)  and  colloid  tests  (Takata-Ara,  with  col¬ 
loidal  gold  -  Lange)  and  some  other  tests,  described  in  the  manuals  on 
clinical  laboratory  methods  of  examination,  are  carried  out.  I 

By  using  the  Wassermann  and  the  precipitation  tests,  the  seroloL 
gist  cannot  always  distinguish  the  so-called  pseudopositive  reactions 
from  the  specific  reactions.  In  latent  syphilis,  negative  results  are 
sometimes  obtained  and,  conversely,  positive  results  in  persons  which 
have  been  propertly  treated  for  long  periods  for  syphilis  and  who  are 
now  obviously  free  of  syphilis.  Difficulties  also  arise  in  cases  of  so- 
-viiled  unknown  syphilis.  New  serological  tests  which  are  currently  used, 
an  be  of  use  in  a  number  of  such  cases:  immobilization,  agglutination, 
adhesion,  fluorescence  and  complement-fixation  with  antigens  derived 
from  pathogenic  treponema. 

Immobilization  test  ' 

Particularly  widely  investigated  and  recommended  is  the  pale  tre¬ 
ponema  immobilization  test  (Nelson-Meyer  test).  This  test,  as  a  rule, 
is  highly  specific.  A  positive  immobilization  test,  however,  is  not 
very  significant  for  persons  which  have  received  proper  and  prolonged 
treatment,  because  in  spite  of  the  cure,  it  remains  positive  for  life. 

The  principle  of  the  test  consists  in  the  fact  that  after  addition  of 
the  serum  to  pale  treponema,  obtained  from  early  orchitis  of  rabbits, 
the  movements  of  the  spirochaete  stop  if  the  serum  is  from  a  syphilis 
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patient  and  that  they  continue  to  move  when  serum  from  a  person  not  af¬ 
flicted  with  syphilis  is  added.  To  carry  out  this  test,  early  syphilitic 
orchitis  of  a  rabbit  is  required  containing  a  large  number  of  treponema. 
Tho  orchitis  of  a  rabbit,  infected  with  Nichols  strain  7-8  days  previ¬ 
ously  is  normally  used.  In  order  to  prevent  accumulation  of  immune 
antibodies,  the  rabbit  is  first  irradiated  with  x-rays  and  cortisone  is 
given  daily  for  the  entire  period  before  the  test. 

The  rabbit  is  exsanguinated,  the  testes  are  removed,  freed  of  the 
•-■nididymis,  cut  into  10-15  pieces  under  sterile  conditions  and  placed 
.1.  to  a  preservative  solution. 

Nelson  medium: 

0.4#  gelatin  solution,  20  ml 
Phosphate  buffer*  6.2  ml 

1.2  ml  of  1.5#  sodium  thioglycollate  in  distilled  water 

2.52  ml  of  1.23#  glutathione  in  physiological  salt  solution 

I.96  ml  of  O.63#  cysteine  hydrochloride  in  distilled  water 

G. 62  ml  of  1#  sodium  pyruvate 

2.26  ml  of  1.26#  sodium  bicarbonate 

6.76  ml  cf  0.S5#  sodium  chloride  solution,  and 

2.5  ml  of  ultrafiltrate  of  bovine  serum. 

Simpler  media  can  also  be  used:  the  fluid  from  the  anterior  cham¬ 
ber  of  the  eye  of  an  ox,  sheep  or  rabbit  serium,  diluted  1  :  1  or  1  :  2, 
0.2#  solution  of  food-grade  gelatin  with  addition  of  a  solution  of  5# 
dry  human  albumin  and  rabbit  serum. 

The  pieces  of  testes  are  transferred  to  a  250  ml  Erlenmeyer  flask 
into  which  10  ml  of  the  medium  had  previously  been  placed  and  the  flask 
filled  with  a  mixture  of  nitrogen  (95#J  and  carbon  dioxide  (5#).  These 
■rases  should  be  fre^  of  impurities  which  are  harmful  to  spirochaetas 
and  contain  a  minimum  concentration  of  oxygen.  The  flask  is  then  shaken 
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20-30  minutes  on  a  shaking  apparatus  and  the  number  of  mobile  trepone¬ 
mas  determined;  if  at  least  10  spirochaetas  are  present,  the  medium  is 
centrifuged  for  10  minutes  at  1000  rpm  to  remove  coarse  particles.  Test 
method:  0.05  ml  inactivated  serum,  0.1-0. 2  ml  undiluted  complement  and 
0.3  ml  antigen  (medium  with  treponema)  are  placed  into  the  test  tubes 
of  the  main  test. 

The  same  ingredients  are  placed  into  the  test  tubes  of  the  control 
but  inactivated  complement  is  used.  In  addition,  controls  are  carried 
out  with  serum  known  to  be  positive  and  negative. 

The  ingredients  are  added  in  a  sterile  manner.  All  test  tubes  are 
then  placed  in  a  microanaerostat,  the  air  exhausted  and  the  anaerostat 
filled  with  the  above-mentioned  gas  mixture.  The  whole  is  placed  into 
the  thermostat  at  35°  for  18  hours;  the  number  of  mobile  and  immobile 
treponemas  as  compared  with  the  control  is  counted.  The  test  result  is 
evaluated  on  the  basis  of  the  ratio  of  mobile  and  immobile  treponemas 
in  the  main  and  control  test  tubes.  If  the  number  of  immobile  trepone¬ 
mas  is  less  than  20 $,  the  test  is  negative,  if  up  to  30$,  the  result  is 
Joubtful,  from  31  to  50$  weakly  positive  and  only  when  the  number  of 
immobile  treponemas  exceeds  50$,  is  the  test  result  considered  to  be 
positive.  The  technique  of  this  test  is  very  simple  but  the  large  amount 
of  preliminary  work  involved  and  a  number  of  conditions  required  in 
carrying  it  out  and  also  the  complex  nutrient  medium  which  is  required, 
impede  the  wider  use  of  this  valuable  test. 

Simple  method  of  carrying  out  the  immobilization  test  with  pale 
treponema,  which  can  be  done  without  the  use  of  a  gas  mixture  or  com¬ 
plex  apparatus  and  which  makes  it  possible  to  carry  out  the  test  in  all 
large  serological  laboratories  (N. M.  Ovchinnikov).  The  test  is  carried 
out  in  blood  count  pipettes.  Blood  serum,  kept  at  56°  for  30  minutes, 
is  collected  up  to  mark  I  in  the  blood  count  pipette,  the  treponema  sus- 
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pension  with  active  complement  to  mark  II  and  the  same  with  inactive 
complement  in  the  other  pipette;  these  mixtures  are  prevented  from 
flowing  out  by  a  rubber  ring  as  in  the  transport  of  blood.  All  the 
necessary  control  tests  are  also  carried  out.  The  whole  is  placed  on  a 
special  stand  and  into  the  thermostat  for  18  hours.  The  test  is  evalu¬ 
ated  in  the  usual  manner.  The  medium  used  is  a  0.2#  solution  of  food 
grade  gelatin  to  which  rabbit  serum  and  a  solution  of  dried  human  serum 
albumin  has  been  added.  A  comparative  investigation  of  this  method  with 
‘be  classical  method  showed  a  high  percentage  of  agreement  in  the 
v  .suits. 

Other  serological  tests 

Agglutination  test.  A  suspension  of  pale  treponema,  obtained  from 
an  early  orchitis  of  a  rabbit  infected  with  syphilis,  usually  of  the 
Nichols  strain,  is  used  as  antigen  for  the  agglutination  test. 

To  prepare  the  antigen,  the  treponema  are  washed  several  times  in 
physiological  salt  solution  or  sodium  citrate  and  then  killed  by  heat¬ 
ing.  The  test  technique  is  the  same  as  with  other  infections.  The  test 
result  is  evaluated  by  examination  under  the  microscope  in  the  dark 
field.  It  Is  generally  accepted  that  two  kinds  of  agglutinins  exist: 
nonspecific  and  specific.  In  order  to  eliminate  the  former.  Hardy  and 
Nell  first  exhausted  the  test  serum  with  the  antigen,  used  for  the  DRL 
test,  after  which  only  the  specific  agglutinins  remained.  The  test  has 
no  independent  importance  and  is  used  only  as  an  accessory  to  the  other 
serological  tests. 

Adhesion  or  disappearance  test.  The  principle  of  the  test  Is  that 
when  one  adds  to  the  blood  serum  from  a  syphilis  patient  rabbit  or  bet¬ 
ter  human  erythrocytes  and  also  a  suspension  of  treponema  from  an  early 
orchitis  of  a  rabbit  (dead  ones  may  be  used)  and  examines  the  serum  in 
the  dark  field  after  a  certain  time  in  the  thermostat,  it  is  found  that 
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'-he  number  of  spirochaete  in  the  upper  part  of  the  serum  is  many  times 
loss  than  in  the  serum  of  a  healthy  person,  having  almost  completely 
disappeared. 

The  explanation  for  this  is  that  the  treponema  stick  to  the  ery¬ 
throcytes  and  are  carried  along  by  them  into  the  precipitate.  A  diffi¬ 
culty  with  this  test  is  that  treponemas  from  animals  with  early  orchi¬ 
tis  which  have  previously  been  irradiated  with  x-rays,  are  required.  An 
advantage  is  that  the  test  is  simple  and  can  be  carried  out  with  dead 
treponema.  The  results  of  this  test  agree  largely  with  those  of  the 
treponema  immobilization  test. 

The  fluorescence  test  with  treponema  antigens  does  not  differ  in 
its  technique  from  those  used  with  other  infections;  the  indirect 
method  of  Kuhns  and  Kaplan  is  normally  used:  a  small  drop  cf  a  suspen¬ 
sion  of  treponema  of  the  Nichols  strain  from  a  7  day  old  orchitis  in 
physiological  salt  solution  is  applied  to  a  thin  object  glass  (the  me¬ 
thods  of  infection  and  of  producing  early  orchitis  are  the  same  as  for 
obtaining  treponema  for  the  immobilization  test)  and  a  smear  with  a 
diameter  of  1  cm  is  prepared  from  it  by  circular  movements  with  the 
pipette.  Two  smears  should  be  prepared  for  each  test  serum  for  greatei 
reliability.  The  smears  are  dried  in  the  thermostat,  fixed  in  the  flame 
of  a  burner  and  placed  into  acetone  for  15  minutes.  The  smears  are  then 
dried  in  air,  placed  into  a  moist  chamber  and  the  test  sera  which  have 
first  been  kept  at  56°  for  30  minutes,  and  diluted  1  :  10,  are  applied 
to  them.  30  minutes  later,  the  serum  is  washed  off  the  smears,  and  the 
preparations  washed  carefully  with  physiological  salt  solution,  placed 
into  a  fresh  portion  of  physiological  salt  solution  for  10  minutes  and 
dried  in  the  thermostat.  The  preparations  are  then  again  placed  into 
the  moist  chamber  and  antihuman  serum  labeled  with  fluorescein  isocya¬ 
nate  or  fluorescein  isothiocyanate  diluted  10  times  is  applied  to  the 
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smears  and  left  for  30  minutes.  Then  the  preparation  is  washed  for  10 
minutes  in  physiological  salt  solution,  dried  and  small  drops  of  buf¬ 
fered  glycerol  applied  to  them,  a  thin  cover  glass  put  on  and  examined 
in  the  fluorescence  microscope  with  immersion  system,  equipped  with 
filters  SSU  and  SS8,  using  a  special  Immersion  oil. 

In  the  preparations  which  were  treated  with  serum  from  syphilis 
patients,  treponemas  which  shine  with  a  greenish-yellow  light  are  visi¬ 
ble.  The  degree  of  brightness  of  the  treponemas  depends  on  the  quantity 
of  antibodies  in  the  serum  of  the  patient  and  is  designated  with 
crosses  (from  +  to  ++++).  In  the  preparations  which  had  been  treated 
with  sera  which  do  not  contain  antitreponema  antibodies,  the  treponema 
do  not  fluoresce,  being  usually  invisible  or  only  their  shadows  visible. 

This  test  is  simple  and  not  time-consuming  and  even  exceeds  the 
immobilization  test  for  pale  treponema  in  sensitivity. 

In  spite  of  several  positive  features,  all  the  enumerated  new  ser¬ 
ological  reactions  (even  more  ~<f  them  have  been  proposed)  cannot  replace 
the  normal  complex  of  serological  tests  used  at  the  present  time  in  the 
daily  work  of  the  serological  laboratories  all  over  the  world:  the  com¬ 
plement-fixation  test  with  cardiolipin  and  treponema  antigen  and  the 
Kahn  and  cytochol  precipitation  tests.  These  tests,  as  compared  with 
ail  others,  are  simple  to  carry  out  when  carried  out  correctly,  and 
with  correct  interpretation  of  the  results,  can  satisfy  the  needs  of 
the  clinic  in  the  overwhelming  number  of  cases.  All  other  tests  are 
only  of  auxiliary  importance.  Of  these,  the  immobilization  test  and  the 
immunofluorescence  test  deserve  particular  attention,  but  even  they  can¬ 
not  replace  the  normal  complex  of  serological  tests  and  should  be  used 
only  in  presence  of  special  indications. 
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Phosphate  buffer:  kO  ml  of  0.1M  Na.HPO, 
of  0.15M  KH2P04  solution.  4 
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SOFT  CHANCRE 

N.  M.  Ovchinnikov,  Professor 

The  pathogenic  agent  of  soft  chancre  is  Haemophilus  ducreye  (pre¬ 
viously  termed  Streptobacillus  ulceris  mollis). 

Morphology  of  H.  ducreyi 

H.  ducreyi  is  a  short,  gram-negative  bacillus  with  a  length  of  0. 5 
to  2.5  p,  which  tends  to  form  chains  and  is  immobile. 

Biology  of  H.  ducreyi;  Culturing  Properties 

It  grows  under  aerobic  and  relatively  anaerobic  conditions.  It 
does  not  form  a  toxin.  As  all  microorganisms  of  the  genus  Haemophilus , 
it  requires  the  X-factor  when  growing  on  nutrient  media,  it  develops  on 
blood  media. 

Fine  (0.5-1  mm),  grayish-white,  semispherical,  isolated,  shiny 
colonies  similar  to  streptococcus  colonies,  grow  on  solid  nutrient  med¬ 
ia  within  24-48  hours.  A  craterlike  depression  is  formed  on  them  within 
48  hours.  In  the  condensation  fluid  ip  grows  in  the  form  of  flakes  or 
granules,  sometimes  settling  on  the  bottom.  Broth  remains  clear  but 
some  strains  cause  a  slight  cloudiness.  The  bacilli  in  the  smears  from 
colonies  grown  on  solid  media  have  the  shape  of  short  chains,  those 
from  liquid  media,  that  of  long  chains. 

The  reinoculations  are  carried  out  after  2-3  days.  The  percentage 
of  positive  results  varies  depending  on  the  material  used  for  the  inoc¬ 
ulation  and  the  nutrient  medium  within  the  limits  of  6  to  79. 
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Resistance  to  physical  and  chemical  factors 

The  soft  chancre  bacillus  Is  resistant  to  low  temperatures  and  is 
very  sensitive  to  high  temperatures.  A  temperature  above  40°  causes  the 
death  of  the  microbe.  In  the  human  organism,  the  soft  chancre  bacillus 
is  characterized  by  a  great  resistance  to  disinfectant  preparations, 
while  it  is  highly  sensitive  to  them  in  cultures.  Thus,  a  1#  solution 
of  carbolic  acid  kills  the  bacillus  within  a  minute,  a  0.5#  solution  of 
quinosol  within  5  minutes,  0.25#  formaline  solution  within  50  minutes. 
Dusting  the  ulcers  with  streptocid  album  or  peroral  administration 
quickly  cures  the  patient.  At  the  present  time,  there  are  no  cases  of 
soft  chancre  in  the  USSR. 

Laboratory  Diagnosis  of  Soft  Chancre 

The  aim  of  the  laboratory  examination  of  human  patients  is  solely 
the  diagnosis  of  the  disease.  The  diagnosis  of  soft  chancre,  as  a  rule, 
is  established  by  means  of  a  single  bacteriological  examination  of  the 
ulcer  contents.  No  matter  how  much  the  ulcer  resembles  the  soft  chancre 
type  it  is  always  necessary  to  examine  it  also  for  pale  treponema.  When 
a  mixed  infection  is  suspected,  both  pathogenic  agents  must  be  looked 
for,  taking  into  account  that  the  pale  treponema  appears  later.  The  de¬ 
tection  of  the  soft  chancre  bacillus  in  mixed  ulcers  is  not  often  suc¬ 
cessful.  With  female  patients  it  must  not  be  forgotten  to  examine  the 
ulcers  in  the  vagina  and  on  the  cervix. 

Test  material,  sampling 

The  soft  chancre  bacillus  can  be  detected  in  fresh  as  well  as  in 
old  ulcers.  To  obtain  material  for  the  bacteriological  examination,  the 
surface  of  the  ulcer  is  carefully  cleaned  with  a  swab,  moistened  with 


physiological  salt  solution.  The  material  is  taken  by  means  of  a  plati¬ 
num  spatula  (the  same  as  for  scirochaeta)  from  under  the  protruding  ed- 
ses  cf  the  ulcer,  trying  to  obtain  pieces  of  tissue,  in  which  the  soft 


chancre  bacillus  has  its  most  typical  arrangement.  In  view  of  the  great 
painfulness  of  this  manipulation,  the  surface  of  the  ulcer  may  be  paint¬ 
ed  with  1#  novocaine  solution.  When  the  results  of  the  investigation 
are  negative,  the  sampling  of  material  is  repeated  2-3  times.  When  the 
ulcer  is  contaminated  by  extraneous  microflora,  it  is  advisable  to  paint 
the  surface  of  the  ulcer  after  cleaning  with  a  10#  iodine  tincture  in 
collodium  and  to  leave  it  on  for  a  day.  24  hours  later,  the  film  is  re¬ 
moved  and  the  test  material  taken  from  under  the  edges  of  the  ulcer. 
Morphological  investigation 

The  material  thus  obtained  is  placed  on  an  object  glass  and  care¬ 
fully  spread  on  it,  taking  care  not  to  disturb  the  characteristic  ar¬ 
rangement  of  the  bacilli.  The  smears  are  dried  in  air  and  fixed  by  pasr 
ing  over  a  flame. 

Ihe  examination  of  the  content  of  the  bubos  for  the  presence  of 
the  soft  chancre  bacillus  rarely  gives  a  positive  result. 

The  smears  are  gram-stained.  They  can  also  be  stained  with  Ziehl's 
fuchsin,  diluted  1  :  10  with  distilled  water  or  with  a  solution  of  me¬ 
thylene  blue.  The  best  method  which  is  useful  for  differential  diagno¬ 
sis,  is  gram- staining.  In  pus,  the  soft  chancre  bacillus  is  usually 
found  singly.  The  typical  arrangement  in  the  form  of  long,  parallel 
chains  can  be  observed  in  the  smears  from  ablated  tissue  (Fig.  126). 

The  bacilli  have  the  shape  of  a  figure  eight  of  weaver's  shuttle.  When 
the  bacterioscopic  examination  of  smears  for  the  soft  chancre  bacillus 
is  carried  out,  its  polymorphism  must  be  kept  in  mind.  Of  similar  micro¬ 
organism,  the  enterococcus  should  be  mentioned,  which  is  often  found  in 
the  urether  and  has  a  chainlike  arrangement,  but  is  gram-positive.  Thr 
saprophytic  bacillus  described  by  Pfeiffer,  which  is  arranged  in  chain", 
but  is  also  gran-positive,  is  also  of  importance. 
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Pig.  126.  H. ducreyi  in  a  smear  from  pus. 

Bacteriological  examination 

The  bacteriological  examination  of  soft  chancre  is  very  rarely 
used  for  diagnositc  purposes  because  the  percentage  of  positive  results 
is  insufficient.  The  soft  chancre  bacillus  is  hemophilic,  hence  it  is 
grown  on  media  to  which  20-30^  blood  has  been  added.  To  prevent  drying 
out,  the  test  tubes  are  sealed  with  a  rubber  cap.  Martin  broth,  also 
with  addition  of  defibrinated  blood,  can  be  used.  Pieces  of  tissue, 
pus  from  ulcers,  puncture  specimens  from  bubos  or  material  from  pustules 
after  inoculation  are  used  for  seeding. 

The  agglutination  test  is  used  to  identify  the  cultures  thus  ob¬ 
tained.  The  serum  is  obtained  by  immunization  of  a  rabbit  with  a  sus¬ 
pension  of  soft  chancre  bacillus  from  a  culture. 

Detection  of  the  soft  chancre  bacillus  by  means  of  the  biological  test 

When  the  results  of  the  bacteriological  investigation  are  negative, 
autoinoculation  is  sometimes  carried  out.  For  this  purpose,  the  skin  on 
the  abdomen  or  the  extremities  is  carefully  cleaned  with  alcohol,  and 
ether,  then  with  sterile  distilled  water.  Then  a  few  incisions  are  made 
distant  from  each  other  not  less  than  1  cm  so  that  later  the  lesions 
cannot  merge  and  avoiding  hemorrhage  as  in  smallpox  vaccination.  Pus 
:'rcm  an  uj cor  of  the  patient  is  rubbed  into  these  incisions  with  a 
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spatula.  Physiological  salt  solution  is  applied  to  a  control  incision. 
.The  entire  surface  is  covered  with  a  watch  glass  which  is  stuck  on  with 
a  3trip  of  adhesive  plaster.  In  positive  cases  a  small  pustule  is  form¬ 
ed  within  2-3  days  in  whose  contents  the  soft  chancre  bacillus  can  be 
detected.  When  it  Jr  no  longer  needed,  the  ulcer  is  cauterized  with  car 
bolic  acid  and  dusted  with  streptocid.  Vaccination  with  material  ob¬ 
tained  from  another  patient  is  not  permitted.  Autoinoculation  should  be 
used  only  in  the  exceptional  cases  when  it  is  not  possible  to  diagnose 
the  soft  chancre  by  other  methods. 

Allergy  test 

Some  researchers  recommend  the  use  of  the  intradermal  test  with 
soft  chancre  vaccine  for  the  purpose''  of  diagnosis.  The  soft  chancre 
patients  display  a  heightened  reactivity  to  the  injection  of  the  vac¬ 
cine,  which  appears  during  the  second  week  of  the  illness  and  remains 
for  several  years.  The  vaccine  is  injected  intrade rmally  in  a  quantity 
of  0.1  ml.  The  reaction  takes  place  within  3-6  hours  but  becomes  most 
narked  within  48  hours.  A  papula  and  an  erythema  and  infiltrate  around 
it  with  different  size  and  intensity  appear.  The  reaction  then  begins 
to  decrease  in  intensity  and  finally  disappears  within  10-15  days.  The 
reaction  is  particularly  intense  in  persons  which  have  previously  had 
soft  chancre,  complicated  by  bubos. 

Nutrient  Media 

Medium  for  preserving  the  viability  of  a  culture  for  a  month  at 
room  temperature:  0.25#  agar,  1#  starch,  20#  defibrinated  rabbit  blood. 
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GONOCOCCUS  INFECTIONS 

N. M,  Ovchinnikov,  Professor 

Morphology  of  Gonococcus 


J 

ii 
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Fi£.  128.  Ultrathin  section  of  gonococcus.  Electron  microscope. 
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Fig.  130»  Gonococcus  colony  on  ascites  agar.  Day-old  culture. 


The  pathogenic  agent  of  gonorrhea,  gonococcus  (Neisseria  gonor- 
rhoeae)  is  a  diplococcus  which  is  usually  compared  with  coffee  beans  or 
kidneys,  combined  in  pairs  with  the  concave  sides  turned  inwards j  the 
gonococcus  is  pinched  in  in  the  middle  forming  two  halves.  Its  size 
varies,  depending  on  age,  nutrition  conditions  and  the  treatment  of  the 
test  material.  The  average  length  is  1.25  4,  the  width  0. 7-0.8  4.  Around 
tne  gonococcus  in  the  test  material,  capsule-like  slimy  substances  can 
be  seen  (Pig.  127,  128). 


Pig.  127.  Gonococcus.  Electron  microscope.  6000x. 


Hie  double-contour  is  clearly  visible  in  the  electron  micrographs 
of  ultrathin  sections  of  gonococcus  (Pig.  127).  The  most  characteristic 
properties  of  gonococcus  are  its  morphology,  the  gram-negative  staining 
and  the  fact  that  it  is  found  inside  the  leucocytes  in  the  pus  from 
patients  (Pig.  129). 
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Biology  of  gonococcus;  culturing  properties 

Gonococcus  grows  on  ascitic  agar  usually  within  24,  more  rarely  48 
r.ours  in  the  form  of  transparent  colonies  resembling  dewdrops,  with 
even  edges  and  a  smooth,  shiny  surface.  The  gonococcus  colonies  are 
similar  to  those  of  meningococcus  but  the  latter  are  less  transparent 
(Fig.  130).  The  size  of  the  colonies  depends  to  a  large  extent  on  the 
composition  of  the  nutrient  medium  and  its  reaction.  Daughter  colonies 
may  be  formed  during  prolonged  culturing. 

Of  the  carbohydrates,  media  containing  dextrose,  levulose  and  mal- 
‘.■•■se  are  used  for  differentiation.  These  media  may  be  liquid  or  solid 
with  addition  of  30#  ascitic  fluid. 

The  catarrhal  micrococcus  does  not  break  down  any  of  the  above 
listed  sugars,  gonococcus  only  breaks  down  glucose  and  meningococcus, 
dextrose  and  maltose.  The  biochemical  charactersitics  of  gonococcus  are 
not  strictly  constant  and  sometimes  gonococcus  does  not  ferment  any  of 
these  sugars.  Of  the  otner  diplococci,  from  which  the  gonococcus  must 
be  differentiated,  we  must  mention  Neisseria  flava,  which  forms  coarse 
dry  colonies  on  simple  agar  and  diplococcus  crassus,  which  grows  slowly 
at  room  temperature  in  the  form  of  grayish-white  colonies  and  can  break 
down  saccharose,  maltose,  lactose,  and  levulose. 

Gonococcus  does  not  grow  on  milk,  gelatin,  or  potato  medium.  It 
ior:s  not  form  ammonia,  hydrogen  sulfide  or  indole  and  does  not  alter 
blood  media. 

The  agglutination  test  is  also  employed  for  the  identification  of 
the  cultures.  Antigonococcus  sera  from  rabbits  are  normally  used.  It  is 
preferable  to  use  serum  from  rabbits  which  have  been  immunized  with  a 
large  number  of  different  strains.  When  immunization  is  carried  out 
with  a  sr.al.  r.arl-jf  :f  •  vno^o-'-uo  strains,  the  test  often  gives  negative 
r  -suit.--  ‘  ■•cant  ;  i  f  tr.-.-  -xist ■:::  •  j  .f  a  large  number  of  gonococcus  t:rpes 
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and  the  absence  of  the  corresponding  agglutinins  in  the  serum.  Low  ser¬ 
um  dilutions  are  used  (1  :  10,  1:  50,  rarely  greater).  A  day  old  cul¬ 
ture,  grown  on  ascitic  agar  and  diluted  according  to  the  billion  microbe 
standard  is  added  in  a  quantity  of  1  drop  per  1  ml.  Old  laboratory 
strains  are  not  suitable,  because  they  often  given  spontaneous  agglutin¬ 
ation.  The  test  tubes  are  placed  into  the  thermostat  at  37°  for  2  hours, 
then  they  are  taken  out  and  left  overnight  at  room  temperature. 

The  agglutination  test  does  not  always  give  reliable  results  and 
group  agglutination  may  occur. 

Conococcus  does  not  form  a  true  toxin,  its  toxicity  being  connect¬ 
ed  with  the  body  of  the  gonococcus  (endotoxin). 

Resistance  to  physical  and  chemical  factors 

Gonococcus  has  little  resistance  outside  the  human  organism,  being 
killed  by  drying  out  of  the  material.  In  the  human  organism  it  is  very- 
resistant.  A  temperature  of  39-40°  reduces  its  viaoility  and  a  higher 
temperature  kills  it.  Silver  nitrate  in  a  silutlon  of  1  :  10,000  kills 
gonococcus  within  1  to  10  minutes,  potassium  permanganate  in  a  dilution 
jl'  1  :  50  in  one  minute,  penicillin  in  a  concentration  over  0.  £>  YeD  in 

1  ml  is  bactericidal  for  gonococcus,  levomycetin  1-2  >/ml,  syn-chomycin 

2  y/ml,  biomycin  above  1  7/ml,  tetracycline  1-2  7/ml,  streptomycin 
above  4-5  YeD  in  1  ml.  Sulfanilamide  preparations  in  vitro  have  only  a 
weak  bacteriocidal  effect  on  gonococcus. 

Laboratory  Diagnosis  of  Gonorrhea 

The  basic  method  of  laboratory  diagnosis  of  gonorrhea  is  micro¬ 
scopic  examination  and  once  a  cure  has  been  effected,  particularly  by 
treatment  with  sulfanilamide  preparations  or  antibiotics,  also  bacteri¬ 
ological  investigation. 

Test  materials;  sampling 

In  an  early  stage  of  the  disease  in  men,  the  discharge  from  the 
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urether  is  examined  for  the  presence  of  gonococcus  and  in  females  dis- 
•. -barges  from  the  urether,  vagina,  cervix  and  rectum,  in  children  the 
discharges  from  the  vagina,  urether  and  rectum. 

In  chronic  cases,  biopsy  specimens  are  taken  with  a  blunt  scoop 
from  the  mucosa.  In  men  with  chronic  gonorrhea  and  also  towards  the  end 
of  treatment  of  acute  gonorrhea  (when  there  is  little  discharge),  the 
fibers  and  flakes  in  the  urine  are  examined. 

When  different  glands.  Joints,  etc.,  are  infected,  material  is 
.lv.*n  from  them.  During  the  post-partun  period,  the  cleansings  are  ex- 
.\ined  and  in  cases  of  eye  disease,  the  purulent  discharges  from  the 
conjunctiva. 

The  material  for  the  investigation  should  be  taken  by  the  treating 
•:7.ician  and  the  sampling  of  material  should  not  be  entrusted  to  medi¬ 
um-level  personnel. 

When  material,  taken  by  the  usual  methods  (loop,  scoop,  swab)  from 
•he  recta  mucosa  is  tested,  the  number  of  positive  results  is  less. 

In  cases  of  diseases  of  the  prostate  gland,  the  fluid  from  it  is 

Examined. 

The  material  from  joints  and  inflamed  adnexes  is  obtained  by 
puncture,  carried  out  by  the  usual  method.  With  virgins,  the  material 
is  mainly  taken  from  the  vulva,  vagina,  urether  and  rectum  by  means  of 
•Lin  swabs  or  a  small,  blunt  scoop. 

The  smears  from  the  initial  test  material  are  prepared  by  spread¬ 
ing  it  on  1/3  of  an  object  glass  with  the  edge  of  a  second  object  glass, 
scoop,  dressing  forceps,  swab,  etc.  Smears  are  prepared  on  2  glasses. 

The  irrigation  fluids,  urine,  puncture  fluids,  etc.,  are  immedi¬ 
ately  rent  to  the  laboratory  and  examined.  The  percentage  of  positive 
‘•nvi's  fger  i-  to  a  - •y.nr.ld- ruM e  degree  on  the  time  elapsed  between 
■  j ra  n  an  i  the  examination.  The  longer  the  time  elapsed  between 
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sampling  and  examination,  the  lower  is  the  percentage  of  positive  re¬ 
sults. 

The  discharge  of  the  vagina  is  taken  with  a  swab  loop  or  scoop 
introduced  into  the  vagina.  The  examination  of  vaginal  secretion  for 
gonococcus  rarely  gives  a  positive  result. 

Material  from  the  cervix  is  taken  after  introduction  of  a  Kusko 
speculum  into  the  vagina.  The  cervix  is  wiped  dry  and  the  external 
mucus  and  pus  plug  (the  vaginal  end)  is  removed  as  carefully  as  possi¬ 
ble  and  with  a  dressing  forceps  or  vaginal  forceps  the  viscous  slime 
is  taken  from  the  cervical  aperture.  The  purulent  lumps  are  taken  from 
the  mucous  material  for  the  examination,  spreading  them  on  an  object 
'lass  in  a  thin  layer. 

Material  from  the  Bartholin's  gland  is  taken  only  when  the  corre¬ 
sponding  clinical  indications  warrant  it. 

Material  from  the  rectum  is  usually  taken  fro-,.  irrigation  fluids. 
Irrigation  is  carried  out  with  warm  physiological  salt  solution  by 
..•ans  of  a  Janet  syringe  3-^  hours  after  defecation,  using  a  tip  with 
wo  nozzles  which  is  introduced  into  the  rectum  to  a  depth  of  rj-C  cm. 

For  the  examination  of  the  fibers  and  flakes  in  the  urine,  the 
first  portion  of  urine  in  a  quantity  of  10-15  ml,  secreted  after  long 
urine  retention,  is  brought  to  the  laboratory  as  quickly  as  possible. 
The  smears  are  prepared  either  from  the  pus  lumps  which  have  been  taker 
from  it  (the  larger  lumps  which  have  settled  to  the  bottom  of  the  test 
tube  should  be  taken)  or  from  the  centrifugate. 

When  material  is  taken  from  the  female  urether  arri  the  paraurethr- 
pathways,  the  index  finger  is  introduced  into  the  vagina  and  the  con¬ 
tents  of  the  urether  pressed  out  by  a  slight  movement  along  the  rear 
wall  of  the  urether. 
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Microscopic  examination 

Unstained  preparations  from  the  discharge  of  the  urether,  cervix, 
vagina  and  other  organs  are  not  examined  for  gonococcus.  Only  the  se¬ 
cretion  of  the  prostate  gland  is  first  microscopically  examined  in  the 
unstained  condition:  a  drop  of  the  fluid  is  covered  with  a  cover  glass 
.uid  examined  under  a  microscope  with  dry  system.  Attention  is  paid  to  t 
•jv:  number  of  pyogenic  cells,  their  arrangement  (accumulations,  uni¬ 
formity  of  distribution  over  the  entire  field  of  vision),  the  presence 
.  !  number  of  lecithin  granules,  amyloid  bodies,  etc. 

Following  the  microscopic  examination  of  the  unstained  preparation 
the  cover  glass  is  taken  off,  the  smear  dried  and  stained.  The  entire 
detected  microflora  can  be  observed  in  the  stained  preparation. 

The  smears  from  the  initial  material  (urether,  cervix,  etc.)  are 
tained  or  stained  with  eosin-formalin  and  methylene  blue.  When 
e  cine-formalin  staining  is  used,  the  preparation  is  dried  in  air;  fix¬ 
ation  over  a  flame  is  not  essential  because  with  this  method  the  stain- 
in  .  takes  place  simultaneously  with  the  fixation  of  the  preparation. 

The  preparations  stained  with  eosine-formalin  and  methylene  blue 
with  methylene  blue  along,  can  be  gram-stained  if  necessary.  For 
tr.is  purpose,  the  oil  is  removed  with  filter  paper  or  cotton  wool, 
c,  istened  with  xylene  or  benzene  and  the  smear  stained  again. 

The  gram-staining  is  of  fundamental  differential-diagnostic  import 
iC'e  for  the  identification  of  gonocuccus  and  is  an  obligatory  method, 
.'racial  attention  must  be  given  to  the  correct  decoloration. 

The  staining  with  eosine-formalin  and  methylene  blue  is  used  for 
investigating  the  cytological  pattern  of  the  smear,  mainly  to  determine 
tae  eoninophiles;  for  the  staining  of  bacteria,  this  method  gives  only 
tsP.tatlVs;  results.  If  cytological  examination  of  the  smear  is  non  re- 
suirei.  tc.inlng  with  methylene  blue  alone  is  suificient.  When  diploco- 
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c.i  or  similar  microbes  are  detected,  gram-staining  is  obligatory. 

The  sequence  of  staining  with  eosine-formalln  and  methylene  blue 
is  the  following. 

1.  The  preparation  is  stained  for  2  minutes  with  alcoholi  eosine- 
formalin  (1#  solution  of  eosin  in  &0%  alcohol  and  0.5  ml  formalin). 

2.  The  dye  is  allowed  to  run  off. 

3.  The  preparation  is  additional! 
stained  with  0. 5#  aqueous  solution  of 
methylene  blue  for  30-60  seconds. 

4.  The  preparation  is  rinsed  with 
with  water  and  dried. 

Microscopic  pattern:  in  the  repu- 
given  by  the  laboratory,  the  number  of 
pyocysts  and  epithelial  cells  and  the 
quantity  of  mucus  and  microflora  is 
given.  If  it  is  difficult  to  count  the 
leucocytes,  the  report  should  state 
'entire  field  of  vision  covered,"  "the  whole  field  of  vision  densely 
covered,"  "half  the  field  of  vision,"  "single  leucocytes,  embedded  in 
mucus,"  etc. 

The  degree  of  alteration  of  the  leucocytes  is  indicated:  "in  a  dir 
integrated  state,"  "well  preserved,"  "nucleus  pycnotically  altered"  and 
the  shapes  of  the  leucocytes  and  particularly  the  number  of  lumphocyte: 
and  eosinophiles  are  recorded. 

The  presence  of  large  numbers  of  lymphocytes  compels  a  suspicion 
concerning  a  possible  tuberculous  nature  of  the  disease.  A  large  number- 
of  eosinophiles  indicates  a  gonorrhea  infection,  particularly  in  chron 
ic  cases.  With  other  diplococcus  and  coccus  infections  of  the  urether, 
cervix  or  prostate,  eosinophilic  cells  are  either  not  found  or  only  in 
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Pig.  131.  Gonococcus  in  the 
discharges  from  a  case  of 
acute  gonorrheal  urethritis 
3  hours  after  administration 
f  penicillin.  900X. 


small  numbers.  An  increase  in  the  numbers  of  monocytes  serves  as  an 
indication  of  an  effective  reactivity  of  the  organism. 

The  examination  of  the  cytological  pattern  is  only  significant  in 
a  dynamic  study,  because  it  may  vary,  depending  on  the  stage  of  the 
disease,  its  duration,  the  reactivity  of  the  organism,  etc.  The  same 
eosinophilic  cells  may  be  considered  as  a  favorable  or  unfavorable  symp¬ 
tom  for  the  prognosis,  depending  on  the  time  of  their  detection,  early 
or  late  in  the  disease. 

Bacteriological  smear.  In  acute  processes,  the  gonococci  are  most¬ 
ly  found  inside  and  outside  of  the  leucocytes  (Pig.  131 ) • 

The  gonococci  present  on  epithelial  cells,  are  often  arranged  in 
straight  lines  in  a  characteristic  manner.  Not  one  of  these  character¬ 
istic  of  the  gonococcus  is  absolutely  constant.  The  diagnosis  can  be 
established  only  on  *he  basis  of  a  combination  of  these  symptoms. 

If  intra-  and  extra-cellular  typical  gonococci  are  found,  the 
question  is  settled.  When  a  small  number  of  gram-negative  diplococci,  a 
considerable  number  of  pyocysts  and  eosinophilic  cells  are  observed,  a 
diagnosis  of  gonorrhea  may  be  made.  If  isolated  extracellular,  gram¬ 
negative  diplococci  with  a  small  number  of  pyocysts  and  also  gram-posi¬ 
tive  diplococci  are  found  in  the  material  from  patients  which  have  been 
treated  with  sulfidine,  streptocid  or  antibiotics,  the  examination  and 
-'ulturing  must  be  repeated.  Particular  care  is  necessary  in  such  cases 
when  a  diagnosis  is  to  be  made  on  children.  When  the  rectal  discharges 
are  examined,  the  epithelium  of  the  deeper  layers  with  the  lymphocytes 
and  gonococci  must  not  be  confused  with  coli  bacteria.  When  the  patients 
are  treated  with  penicillin,  the  morphology  of  gonococcus  and  its  stain¬ 
ing  characteristics  are  markedly  modified.  In  such  cases  one  finds  in 
the  smears  unusually  large  diplococci  with  spherical  halves,  with  halves 

r.;'  unequal  sice,  cocci  of  different  sizes  (  in  addition  to  the  large 
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Fig.  132.  Gonococcus  from  a 
day  old  culture  on  ascitic 

agar.  900*. 


specimens,  very  small  cocci  and  diplococci  are  found)  (Fig.  131).  These 

modified  gonococci  may  be  intra-  or  ex¬ 
tracellular,  some  of  them  being  stained 
gram-positive,  others  gram-negative. 
When  treatment  with  other  antibiotics 
is  carried  out,  very  small  specimens 
can  be  observed.  In  such  cases,  too, 
culturing  gives  rarely  a  positive  re¬ 
sult  because  these  microbes  may  be  al¬ 
ready  dead  or  may  have  only  little  via¬ 
bility.  Furthermore,  in  cases  when  the 
penicillin  treatment  is  successful,  the 
gonococci  disappear  within  24  hours. 

Bacteriological  examination 

Culturing  is  carried  out  in  all  cases  in  which  it  is  impossible  to 
establish  a  diagnosis  by  means  of  microscopical  examination  (presence 
extracellular  gram-negative  diplococci  in  patients  with  a  non-typi¬ 
cal  clinical  pattern,  absence  of  gonococcus  in  the  smears  from  suspect¬ 
ed  gonorrhea  cases  and  also  in  laten  gonorrhea,  when  determining  the 
results  of  the  treatment,  etc.). 

Before  the  taking  of  sample  material,  the  use  of  local  antiseptics 
and  administration  of  antibiotics  must  be  avoided  for  at  least  1-2  days 
or  when  they  are  used,  the  culture  must  not  be  made  during  the  period 
for  which  their  presence  in  the  organism  must  be  assumed.  Material  from 
the  urether  is  sampled  after  prolonged  urine  retention.  The  patient 
must  not  be  given  a  douche  with  disinfectant  solutions  or  given  anti¬ 
septic  substances  perorally  before  culturing  from  the  urinary  pathways. 
Cultures  from  the  cervix  are  best  made  during  the  menstruation  period. 


It  is  recommended  to  inoculate  meat-peptone  agar,  prepared  from 
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rabbit  meat  or  placenta  (pH  =  7. 4-7. 6)  with  addition  of  ascitic  fluid 
or  Bailly  medium  from  ox  heart  (not  from  spleen),  also  preferably  with 
ascitic  fluid.  Ascitic  agar  and  Bailly  medium  with  ascitic  fluid  are 
usually  prepared  by  addition  of  up  to  1/3  of  ascitic  fluid  to  melted 
which  has  been  cooled  to  56°.  The  ascitic  fluid  should  contain  fair 
proportion  of  protein,  be  free  of  bile  and  traces  of  disinfectant  sub¬ 
stances  (chloroform  is  normally  used  for  preserving  ascitic  fluid;  to 
remove  it,  the  liquid  is  kept  at  55-56“  for  half  sun  hour  and  then  cora- 
Uned  with  the  warn  agar). 


Fig.  133*  L-forms  of  gonococcus. 


When  Bailly  medium  without  ascitic  fluid  is  inoculated  with  mater¬ 
ial  obtained  from  patients,  a  less  copious  growth  is  obtained  than  on 
ascitic  agar.  Bailly  medium  and  a  medium  with  pieces  of  liver  is  suita¬ 
ble  for  inoculation  with  laboratory  strains  and  for  preparation  of  vac¬ 
cines.  When  culturing  from  hidden  foci  is  carried  out  (puncture  speci¬ 
mens,  secretion  the  prostate  gland,  sperma,  etc. ),  the  material  is 
seeded  out  on  ascitic  agar  and  ascitic  broth  at  the  same  time.  Part  of 
these  two  materials  is  kept  under  normal  conditions  and  part  of  it  cov¬ 
ered  with  vaseline  oil.  The  growing  of  gonococcus  is  also  carried  out 
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in  a  carbon  dioxide-containing  atmosphere  (up  to  10$). 

Essential  conditions  for  good  growth  of  the  gonococcus  are  the 
following:  1)  a  suitable  fresh  moist  medium  with  £H  =  7.4-7. 6;  2)  the 
thermostat  temperature  must  be  exactly  36. 5-37° j  correct  and  timely 
taking  of  the  specimens  for  culturing.  The  inoculation  is  carried  out 
immediately  after  taking  of  the  test  material. 

In  the  microscopical  examination  of  the  smears  prepared  from 
colonies  which  have  grown  on  ascitic  agar  for  24  hours,  the  gonococci 
are  approximately  of  the  same  size  and  gram-negative  (Fig.  132);  later 
on  (within  48  and  particularly  72  hours)  very  large  and  small  diplococ- 
ci  and  cocci  are  found.  A  fairly  irregular  pattern  is  observed  in  the 
gram-stained  smears.  In  the  cultures  made  from  patients,  treated  with 
streptocid,  sulfidine  or  penicillin,  gram-positive  gonococci  are  some- 
finer.  also  detected  and  further  reinoculation  gives  a  uniformly  gram¬ 
negative  culture.  When  colonies,  typical  for  the  L-form  of  gonococcus, 
arc  examined,  gonococci  with  the  most  diverse  shapes,  sizes  and  colors 
re  observed  (Fig.  133).  The  gonococci  do  not  cause  cloudiness  in  as- 
■itlc  broth,  forming  a  tenuous  film  on  its  surface,  which  grows  gradu¬ 
ally  and  attains  its  maximum  development  on  the  3-5th  day;  some  of  it 
settles  on  the  bottom  and  forms  a  crumbled  or  flocculent  precipitate. 

A  grown  culture  is  identified  on  the  basis  of  the  external  appear¬ 
ance  of  the  colonies,  the  bacterioscopic  examination  of  the  smears  pre¬ 
pared  from  these  colonies,  and  on  the  basis  of  agglutination  tests  and 
the  breakdown  of  sugars.  To  distinguish  gonococcus  from  other  microor¬ 
ganisms  in  mixed  cultures,  the  application  of  a  1 %  solution  of  paraphe- 
nylene  diamine  (oxidase  test)  on  the  culture  by  means  of  an  atomizer  is 
also  used.  Within  3-4  minutes,  the  gonococcus  colonies  turn  black,  whil- 
colonies  other  microorganisms  remain  unchanged. 

Gonococcus,  meningococcus  and  catarrhal  micrococcus  are  gram-nega- 
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tive.  These  differ  among  themselves  by  the  following  features:  1)  with 
respect  to  their  occurrence:  meningococcus  and  the  catarrhal  micrococ¬ 
cus  are  extremely  rarely  found  in  the  urinary  pathways  but  are  present 
in  the  oral  and  nasal  mucosa;  gonococcus  is  not  found  in  the  oral  cavi¬ 
ty  but  is  present  in  the  discharges  from  the  urogenital  pathways:  2) 
with  regard  to  their  biochemical  activity. 

Serological  examination 

The  agglutination  test  with  serum  from  patients  is  hardly  ever 
used  for  the  diagnosis  of  gonorrhea,  because  it  does  not  give  reproduci¬ 
ble  results,  because  the  agglutinin  titer  of  the  blood  is  generally  low 
and  the  agglutinins  are  absent  in  acute  diseases.  The  titer  of  the  ag¬ 
glutination  test  increases  only  in  cases  of  gonorrheal  complications 
(arthritis,  epididymitis,  prostatitis,  etc.  )  but  in  these  cases,  better 
results  are  obtained  with  the  complement-fixation  test  (Bordet-Gengou 
test)  which  is  fairly  widely  used,  particularly  in  gonorrheal  complica¬ 
tions.  Antigens,  obtained  by  treatment  of  gonococcus  cultures  either  by 
changing  the  temperature  or  with  antiformin,  are  used.  It  is  very  im¬ 
portant  to  keep  in  mind  that  the  antigen  must  be  prepared  from  a  large 
number  of  gonococcus  strains  of  different  origins,  in  order  to  reveal 
the  presence  of  antibodies  as  reliably  as  possible.  For  the  method  of 
the  complement-fixation  test,  see  page  154. 

The  gonococcus  antigen  determination  test  which  has  been  fairly 
widely  used  at  one  time  (the  so-called  Lisovoskiy  urine  test  and  the 
Feigel  test  on  cervical  discharges)  is  little  used  at  present  because 
the  fairly  high  percentage  of  nonspecific  positive  reactions  reduces 
its  value. 

Detection  of  gonococcus  by  means  of  the  biological  test 

Vaccination  of  animals  with  test  material  is  not  used  because  not 
any  animal  species,  with  the  exception  of  man,  is  susceptible  to  gonor- 
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rhea  infection.  It  is  possible,  however,  to  produce  septicemia  in  mice 
by  injecting  them  intraperitoneally  with  gonococcus  culture  (250,000- 
500,000  microbial  bodies)  in  combination  with  a  5 %  mucin  and  Vf>  dextrose 
solution.  This  model  is  used  for  testing  the  effectiveness  of  various 
antigonorrhea  preparations. 

Allergy  tests 

The  diagnostic  value  of  the  shin  tests  on  gonorrhea  patients  is 
reduced  by  the  fact  that  the  test  remains  positive  for  many  years  after 
recovery  from  the  disease.  The  intradermal  test  gives  a  considerable 
percentage  of  correct  results,  if  fresh  gonococcus  vaccine  in  physio¬ 
logical  salt  solution,  hilled  by  beeping  at  56°  for  half  an  hour,  is 
used  as  antigen;  a  preservative  is  not  added.  The  standard! is  approxi- 
mately  100  million  microbe  bodies  in  1  ml.  The  suitability  of  the  vac¬ 
cines  for  the  shin  test  is  first  cheched.  A  vaccine  is  used  which  does 
not  cause  erythema  in  healthy  persons. 

The  same  vaccine,  but  hilled  by  beeping  it  in  the  autoclave  at 

120*  for  half  an  hour,  is  used  as  a  control.  The  control  liquid  is 

.'irst  cheched:  it  should  not  give  a  reaction  either  on  patients  or  on 

healthy  persons.  The  vaccine  and  control  liquid  are  injected  intrader- 

mally  in  a  quantity  of  0.1  ml.  The  evaluation  is  carried  out  within  24 

hours.  A  hyperemic  spot,  sometimes  with  a  swelling  In  the  center,  is 
observed  in  gonorrhea  patients  at  the  injection  site  within'  24  hours, 
if  the  dose  of  vaccine  has  been  correctly  chosen.  In  the  control, 
the  hyperemia  should  either  be  completely  absent  or  be  considerably 
less  severe.  With  healthy  persons,  hyperemia  is  not  observed  either  in 
the  control  or  at  the  point  of  Injectiai  of  the  gonococcus  vaccine. 

When  the  same  hyperemia  is  present  at  the  point  where  the  control  li¬ 
quid  and  the  vaccine  have  been  injected  (this  is  often  the  case  with 
certain  patients,  for  example,  those  suffering  from  eczema),  the  test 
is  considered  to  be  negative.  The  hyperemic  spot  decreases  considerably 
in  size  within  72  hours  but  in  gonorrhea  patients  the  hyperemia  remains 


tenaciously  at  the  point,  where  the  swelling  occurred.  The  test  may  al 
so  be  negative  in  gonorrhea  patients  in  a  very  severe  condition.  Good 
results  gives  the  test  with  gonoccoccus  polysaccharide  and  gonoprotein 
The  polysaccharide  and  gonoprotein  are  used  for  the  intradermal  tests 
in  dilution  with  physiological  salt  solution  of  1  :  1000  in  a  dose  of 
C.lt>  ml.  The  antigen  test  on  healthy  persons  should  give  the  same  re¬ 
sult  as  that  with  the  control  liquid. 


MIXED  INFECTIONS  CAUSED  BY  BACILLUS  PYOCYANEUS 
B. D.  Bychenko,  Candidate  of  Medical  Sciences 

The  bacillus  Pseudomonas  aeruginosa  (synonym  Bact.  pyocyaneum)  be¬ 
longs  to  the  genus  Pseudomonas  of  the  family  Pseudomonadaceae.  This  is 
the  only  microbe  of  this  genus  which  is  conditionally  pathogenic  for 
humans.  The  other  numerous  species  of  the  genus  Pseudomonas  are  capable 
of  causing  disease  in  certain  mammals,  fishes,  insects,  plants  and  fun¬ 
gi  (Ps.  fluorescens,  Ps.  salmonicila,  etc.  )  or  lead  a  saprophytic  for.; 
of  existence,  mainly  in  the  soil. 

Ps  aeruginosa  is  widely  distributed  in  nature.  It  has  been  iso¬ 
lated  from  the  intestine  of  humans  and  various  animals,  from  pus,  from 
sno  surface  of  the  skin  and  mucosa  of  warmblooded  animals,  from  food 
roducts  and  also  from  the  soil,  from  river,  lake  and  stagnant  water, 
etc. 

The  virulent  strains  of  this  microbe  are  capable  of  causing,  par¬ 
ticularly  in  organisms  with  low  resistance  (babies,  old  people,  young 
animals)  various  diseases:  otitis,  meningo-encephalitis,  pneumonia, 
pyelitis,  typhoid  infection,  and  liver  abscesses.  Besides,  Ps.  aerugi¬ 
nosa  causes  destructive  lesions  of  the  skin  and  mucosa:  pustules,  gan¬ 
grenous  ecthyma,  necrotic  and  ulcerous  lesions  of  the  mucosa  of  the 
digestive  tract,  diarrhea  of  the  newborn  with  a  high  percentage  of 
fatal  issues,  etc. 
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Ps.  aeruginosa  has  dimensions  of  1.6-3  x  0.4-0. 6  u,  a  straight 
axis,  and  slightly  rounded  tips.  In  the  smears  from  cultures  the  cells 
are  solitary  or  arranged  in  parallel  short  chains.  It  is  gram-negative, 
r  is  readily  stained  with  the  usual  aniline  dyes.  It  moves  by  means  of 
1-3  flagellae  issuing  from  the  same  end.  It  is  surrounded  by  a  thin 
slimy  capsule.  It  does  not  form  spores. 
biology  of  Ps.  aeruginosa;  culturing  characteristics 

The  microbe  grows  well  only  under  aerobic  conditions  on  standard 
.  lia  and  on  suitable  synthetic  media,  consisting  of  mineral  salts, 
sources  of  nitrogen  and  carbon  (ammonium  salts,  citrates,  acetates, 
etc. ).  When  nitrate  is  added  to  the  medium,  Ps.  aeruginosa  is  capable 
of  growing  under  anaerobic  conditions.  The  development  of  the  microbe 
takes  place  within  the  temperature  range  of  5  to  42°.  Optimum  growth 
occurs  at  30-37°. 

On  the  surface  of  meat-peptone  agar,  Ps.  aeruginosa  forms  within 
1-.?  days  at  25-37°  round  hyaline,  colonies  with  yellow-green  fluores¬ 
cence  and  a  diameter  of  up  to  1-3  mm  with  straight  or  slightly  wavy 
eige,  a  low  dome  and  a  smooth,  moist,  shiny  surface.  The  size  of  the 
colonies  increases  slightly  within  5-6  days,  their  center  clears  up  and 
the  peripheral  surface  becomes  streaked  in  a  radial  direction,  the  edge 
t. -."•ernes  wavy,  festooned  or  fluffy.  The  medium  below  the  colonies  assumes 
a  greenish-yellow  coloration. 

On  slanted  agar,  there  is  copious  growth  after  only  2  days,  the 
consistency  of  the  microbe  mass  is  oily,  homogeneous,  the  surface  is 
corrugated  with  translucent  radia  strands;  the  edge  is  irregular.  The 
color  is  greenish-yellow  and  fluorescent.  The  medium  acquires  the  same 
•clor.  A  few  days  later  (5-6  days),  clear  spots  sometimes  appear  in  the 
growtri  centers  as  a  result  of  spontaneous  lysogeny  which  resemble  the 


spots  appearing  In  presence  of  bacteriophage  (phenomenon  of  pseudobac- 
teriophagy).  These  regions  are  covered  with  a  crystalline  deposit  which 
gives  them  a  shiny  appearance.  Numerous  decomposed  cells  can  be  de¬ 
tected  in  the  smears  from  these  spots. 

'Die  colonies  of  some  strains  when  grown  on  the  surface  of  blood 
agar,  are  surrounded  by  a  marked  hemolysis  zone  which  makes  it  possible 
to  distinguish  them  from  other  fluorescent  bacteria  of  the  genus 
Pseudomonas,  which  do  not  produce  hemolysins.  The  microbes  partly  di¬ 
gest  coagulated  serum  within  a  period  of  14  days.  A  stab  cluture  in 
gelatin  gives  a  moderate  fibrous  growth  on  the  surface  of  the  medium.  A 
slow  craterliice  partial  digestion  of  the  gelatin  takes  place  within  a 
period  of  14  days.  The  liquified  gelatin  becomes  cloudy  because  of  the 
proliferation  of  the  microbe  and  assumes  a  yellow-greenish  color. 

In  liquid  nutrient  media,  vigorous  growth  with  intense  clouding 
develops  within  2  weeks.  The  medium  assumes  a  yellow-greenish  color,  a 
thin,  homogeneous  or  thick  wrinkled  film  is  formed  on  its  surface  and  a 
powdery  precipitate  of  cells  which  is  easily  disintegrated  by  shaking, 
ettles  on  the  bottom.  A  few  days  later,  the  preceipitate  becomes  slimy, 
flocculent  and  copious  and  is  only  partially  homogenized  by  shaking. 
Liquid  cultures  of  Ps.  aeruginosa  give  off  an  unpleasant  odor  of 
trimethyl  amine. 

Ps.  aeruginosa  is  not  very  active  with  respect  to  carbo-hydrate 
breakdown.  On  media  containing  0.5-1#  peptone,  it  ferments  only  glucose 
with  formation  of  acid  but  without  gas  evolution.  In  aqueous  peptone 
extract,  containing  not  more  than  0.07#  peptone,  it  also  decomposes 
arabinose,  xylose,  mannose  and  galactose.  It  peptizes  litmus  milk  and 
completely  decolorizes  it  in  5  days  at  30-37°;  the  medium  then  assumes 
a  greenish  color.  Sometimes,  the  milk  is  first  partly  coagulated.  The 
microbe  fails  to  produce  indole  and  skatole.  The  culture  fluid  of 
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Ps.  aeruginosa  may  give  a  false  indole  leaction  with  B&une  reagent,  the 
acid  of  the  reagent  combining  with  the  pigment  pyocyanin  giving  rise  to 
a  compound  with  red  color.  It  should  be  pointed  out  that  the  false  reac¬ 
tion  does  not  take  place  when  a  reagent,  containing  oxalic  acid  Is  used 
for  the  indole  test.  The  microorganism  reduces  nitrates  with  eveolution 
of  free  nitrogen.  All  strains  of  Ps.  aeruginosa  produce  considerable 
qusntities  of  ammonia  and  hydrolyze  urea  but  not  sodium  hippurate  or 
starch.  The  bacillus  produces  a  catalase.  It  does  not  form  hydrogen 
sulfide.  One  of  the  interesting  peculiarities  of  the  microbe  is  its  ca¬ 
pacity  to  form  hydrocyanic  acid  in  broth  cultures  and  in  the  organism 
of  an  infected  animal. 

Resistance  to  Physical  and  Chemical  Factors 


Ps.  aeruginosa  is  not  very  resistant  to  the  action  of  environment¬ 
al  factors.  It  is  quickly  killed  by  the  influence  of  sunlight.  A  tem¬ 
perature  of  55°  kills  the  bacillus  within  an  hour.  It  is  readily  de¬ 
stroyed  by  the  usual  antiseptics  but  has  considerable  resistance  to 
many  antibiotics  (levomycetin,  gramicidin,  microcid,  furacilin,  peni¬ 
cillin,  sanosln,  ecmolin,  albomycin). 

Antigen  structure;  serotypes 

The  antigen  structure  of  Ps.  aeruginosa  has  not  been  studied  ex¬ 
tensively.  According  to  the  data  of  Van  den  Ende  (1952),  Ps.  aeruginosa 
has  6-10  separate  types  of  O-antigens  and  according  to  the  data  of 
A.  B.  Chemomordik  (1959),  10  serotypes.  Serological  reactions  are  not 
yet  used  for  the  identification  of  Ps.  aeruginosa. 

Pathogenicity 

The  highly  virulent  strains  of  Ps.  aeruginosa  kill  guinea  pigs  and 
rabbits  within  2k  hours.  Massive  doses  of  cells,  injected  intravenously, 
can  cause,  the  death  of  the  animals  with  symptoms  of  acute  intoxication, 
in  addition  to  generalized  infections  as  a  result  of  the  introduction 
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of  the  microbe  into  the  vascular  system  of  laboratory  animals,  it  is 
also  possible  to  produce  local  inflammation  processes,  for  example,  ab¬ 
scesses  by  subcutaneous  injection  of  a  culture.  This  is  not  always  suc¬ 
cessful,  however,  because  strains  with  low  virulence  and  even  avirulent 
strains  of  Ps.  aeruginosa  are  often  found  in  nature. 

When  autopsy  is  performed  on  the  dead  animals,  one  finds  hemor¬ 
rhagic  edema  of  the  subcutaneous  adipose  tissue  at  the  site  where  the 
culture  had  been  injected,  small,  pointlike  blood  extravasations  in  th  • 
gastric  and  intestinal  mucosa  and  under  the . serosa  of  various  internal 
organs.  Renal  inflammations  (nephritis)  are  sometimes  detected.  The 
microorganism  can  be  isolated  from  the  blood,  liver,  spleen,  kidneys 
and  other  internal  organs. 

Pigment  formation 

One  of  the  important  diagnostic  characteristics  of  Ps.  aeruginosa 
is  its  capacity  of  forming  a  pigment.  The  pigment,  produced  by  this 
microbe,  consists  of  two  different  substances:  pyocyanin  (c26H20N4°r) 
•uich  is  a  blue-green  substance  without  fluorescence  easily  obtained 
'rom  peptone  extract  and  soluble  in  chloroform,  nitrobenzene,  pyridine, 
phenol  and  hot  waterj  and  fluorescein  (C^HyOgN),  a  green-yellow  fluores¬ 
cent  substance,  formed  only  in  presence  of  phosphates  and  soluble  in 
water,  phenol  and  acetic  acid,  but  not  in  chloroform  and  other  organ  r.c 
solvents. 

The  characteristics  of  pigment  is  not  constant  in  many  strains  of 
Ps.  aeruginosa.  Its  intensity  depends  greatly  on  the  medium,  in  which 
the  microbe  is  cultured.  Mg,  K,  Fe,  SO^  and  FO^  ions,  the  presence  of 
glycerol  in  the  medium  and  other  factors  exert  an  important  influence 
on  the  process  of  pyocyanin  formation. 

Pyocyanin  has  the  properties  of  an  antibiotic,  respiration  enzyme 
and  indicator.  It  is  resistant  to  acids,  forming  red  salts  with  them. 
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In  alkaline  medium,  pyocyanin  has  a  blue  color  and  can  decompose  rela¬ 
tively  quickly.  Fluorescein  is  more  readily  produced  by  the  bacillus 
on  media  containing  glycerol  and  asparagine.  In  acid  medium  it  is  color¬ 
less,  but  in  alkaline  medium  it  has  a  greenish  and  reddish  color  and 
gives  an  intense  green  fluorescence.  In  old  cultures  of  this  microbe,  t 
the  active  yellow  enzyme  a-oxyphenase  is  often  present,  which  is  a  po¬ 
tent  bactericide  and  has  the  same  effects  as  the  flavins. 

When  the  capacity  of  a  certain  strain  to  produce  pyocyanin  is  to 
determined,  2  to  5#  glycerol  or  mannitol  is  added  to  the  medium  on 
vn  ich  the  microbe  is  being  grown,  in  orcer  to  stimulate  the  formation 
of  this  pigment.  The  test  for  the  detection  of  pyocyanin  is  very  simple 
and  can  be  used  for  the  rapid  identification  of  the  Ps.  aeruginosa 
oacillus.  A  small  quantity  of  chloroform  is  added  to  a  fresh  liquid 
culture  of  the  Ps.  aeruginosa  bacillus.  The  mixture  is  made  alkaline, 
adjusting  to  pH  =  7. 8-8.0  by  means  of  0. 1  N  caustic  soda  solution  and 
careful  shaking.  The  chloroform  layer  assumes  a  blue  color.  The  same 
test  can  be  carried  out  with  a  thick  cell  suspension  in  physiological 
salt  solution,  obtained  by  washing  a  culture  off  the  surface  of  nutri¬ 
ent  agar.  However,  the  microbe  material  must  first  be  triturated  with 

sand  or  glass  powder  in  a  sterile  mortar,  adding  a  small  quantity  of 

i 

chloroform  to  it. 

The  pre  lence  of  pyocyanin  in  the  culture  fluid  can  also  be  demon¬ 
strated  by  varying  its  pH.  The  strongly  acidified  fluid  should  assume  a 
red  color,  and  when  made  alkaline,  a  blue  color.  This  test  is  less  sen¬ 
sitive,  than  the  preceding  test,  however. 

LABORATORY  DIAGNOSIS  OF  DISEASES  CAUSED  Vi  PS.  AERUGINOSA 

T  .  isolate  the  microbe  from  various  contaminated  substrates  (soil, 
exci'emen's,  pus,  etc),  media  containing  inhibitors  for  many  other  micro¬ 
organisms,  are  used.  One  of  the  convenient  media  on  which  the  growth  of 


bacteria  and  of  Proteus  vulgaris  is  inhibited,  is  alkaline  (pH  =  7.8) 
nutrient  agar,  containing  0.1#  cetyl  trimethyl  ammonium  bromide  (citra- 
mide). 

A  combination  of  various  antibiotics  in  small  doses  (penicillin, 
levomycetin,  etc. )  can  also  be  used  as  an  inhibitor  of  the  aerobic 
microflora. 
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DISEASES  CAUSED  BY  PATHOGENIC  PROTOZOA  OF  THE  FEMALE  UROGENITAL  SYSTEM 
S.  D.  Astrinskiy,  Professor 

To  the  pathogenic  protozoa  of  the  urogenital  system  belong  the 
Flagellata  of  the  family  Trlchomonadae.  Three  species  of  tetra  flagel- 

trlchomonadae  are  found  in  humans: 

1)  the  vaginal  -  Trichomonas  vaginalis  (Donne,  1837); 

2)  the  intestinal  -  Trichomonas  lntestinalis  homlnis  (Davaine, 
Loukart,  1875); 

3)  the  stomatic  -  Trichomonas  tenax  (Mtiller,  1773;  Dobell,  1939) 
(synonym  T.  elongate,  T.  buccalls). 

"  -rrhology  of  Trichomonas 

The  vaginal  trichomonas  is  very  large,  attaining  a  length  of  20-36 
M.  It  is  predominantly  found  in  the  lower  sections  of  the  male  and  fe¬ 
male  urogenital  system. 

The  intestinal  trichomonas  is  much  smaller  them  the  vaginal  type, 
attaining  a  length  of  10-17  U  and  having  a  long,  strongly  convoluted, 
ur.dulatory  membrane,  extending  a  great  distance  beyond  the  end  of 
the  body  in  the  form  of  a  free  flagellum.  This  species  of  parasite  liver 
ir.  the  large  intestine  of  humans. 

The  stomatic  trichomonas  is  also  much  smaller  than  the  vaginal 
species,  attaining  a  length  of  10-17  p.  and  has  only  a  short  undulatory 
membrane.  It  Is  found  mainly  in  elderly  persons  fith  bad  teeth,  suffer¬ 
ing  from  paradontosis. 

T.ie  ••arinel  trichomonas  has  an  elliptical  shape  (Fig.  134)  with  a 


-  1059  - 


•i  , 


■4 


cluster  of  flagellae  going  out  from  a  group  of  parabasal  granules  at 
the  anterior  end  of  the  body.  Another  flagellum  goes  out  from  the  same 


point,  to  the  rear  of  the  body  along  the  edge  of 
the  undulatory  membrane,  bordering  the  body  of  the 
protozoon  on  one  side.  This  marginal  flagellum  may 
extend  beyond  the  acuminate  posterior  end  of  the 
body.  At  the  base  of  the  undulatory  membrane,  along 
the  line  of  its  attachment,  extends  another  soli¬ 
tary  flagellum.  Along  the  axis  of  the  body  extends 
an  elastic  skeletal  strand,  the  axostyle,  which 
projects  slightly  beyond  the  acuminate  end  of  the 
body.  Adjacent  to  it,  behind  the  group  of  parabasal 
bodies,  is  the  nucleus.  Proliferation  takes  place 
via  longitudinal  cell  division,  the  flagellae  being 
partly  distributed  among  the  daughter  cells,  partly 
formed  anew.  By  means  of  these  flagellae  and  the 
undulatory  membrane  to  the  side  of  them,  the  trichomonas  is  capable  of 
locomotion. 

Resistance  to  chemical  and  physical  factors 

The  resistance  of  trichomonas  to  heating  is  slight,  they  die 
instantly  at  a  temperature  of  60°  and  within  10-15  minutes  at  a  temper¬ 
ature  of  45°.  They  are  more  resistant  to  low  temperatures:  at  a  temper¬ 
ature  of  —5°  their  viability  is  retained  for  1-1  1/2  hours  and  at  — 1C°, 
for  up  to  20-45  minutes. 

Solutions  of  corrosive  sublimate  (1  :  1000),  carbolic  acid  (1$) 
aad  chloramine  ( 1 %)  kill  trichomonas  in  a  few  seconds.  Infection  of 
white  mice  is  possible  with  cultures  containing  actively  moving 
trichomonas. 


Pig.  134. 
Schematic  view 
of  the  struc¬ 
ture  of  the 
vaginal  tri¬ 
chomonas.  1) 
flagellae;  2) 
nucleus;  3) 
axostyle;  4) 
undulatory 
membrane. 
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LABORATORY  DIAGNOSIS  OP  TRICHOMONOSIS 
Teat  Material;  sampling 

A  diagnosis  of  trichomonosis  is  made  on  the  basis  of  a  microscopic 
examination  of  the  discharges  from  the  vagina,  cervix,  urether,  the 
paraurethral  pathways  and  in  males,  by  analysis  of  the  urine  discharged 
from  the  urether  and  the  fluid  from  the  prostate  gland.  Smears  on  ob¬ 
ject  glasses  are  prepared  from  these  discharges. 

Native  preparations  can  be  used  for  rapid  diagnosis:  the  discharge 
1 ;  extracted  with  a  blunt  scoop  or  surgical  forceps  and  placed  into  a 
cop  of  physiological  salt  solution,  heated  to  a  temperature  of  35-37°. 
The  drop  is  covered  with  a  cover  glass  and  then  examined  under  the 
microscope.  The  native  preparations  reveal  immediately  the  presence  of 
mobile  trichomonas  but  they  should  be  supplemented  by  stained  smears, 
on  the  basis  of  which  conclusions  can  be  drawn  regarding  the  entire 
microbial  biocoenoois  and  the  degree  of  purity  of  the  vaginal  secretion. 
Microscopical  examination 

The  method  of  the  dry  smear  has  several  advantages  over  the  method 
of  the  native  preparation.  The  stained  smears  give  a  larger  percentage 
cf  positive  results  as  compared  with  the  native  preparations  (2.6#  more) 
and  permit  the  examination  of  the  material  long  after  sampling.  The 
stained  smears  enable  an  examination  to  be  carried  out  on  very  small 
quantities  of  secretion. 

The  smears  can  be  stained  by  the  method  of  Pick-Jakobson  (4  ml  1# 
alcoholic  solution  of  methylene  blue  and  1  ml  Ziehl’s  fuchsin  and  35  ml 
distilled  water)  within  an  hour  without  and  by  the  Romanovskiy-Giemsa 
method. 

Both  staining  methods  give  a  typical  pattern.  With  the  first  me¬ 
thod,  the  trichomonas  with  their  blue-violet  color  and  eccentrically 
arranged  small,  dark-violet,  nucleus  are  clearly  visible  against,  the 
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background  of  squamous  epithelium  cells  and  also  leucocytes  with  pink 
protoplasm,  violet  nucleus  and  blue-stained  microbes.  When  Romanovskiy 
staining  is  used,  the  trichomonas  are  stained  blue  and  the  elliptical, 
eccentric  nucleus  violet.  Depending  on  the  pH  of  the  secretion  and  the 
pH  of  the  dye,  staining  of  the  flagellae,  axostyle  and  the  undulatory 

membrane  may  also  be  achieved.  Their 
staining,  however,  is  of  no  practical 
importance,  because  trichomonas  is 
readily  differentiated  in  stained 
smears  even  without  the  staining  of 
these  formations  (see  Figs.  135,  136). 
Isolation  of  a  culture 

The  routine  isolation  of  pure  cul¬ 
tures  of  vaginal  trichomonas  became 

Fig.  135.  Vaginal  discharge.  possible  only  through  the  use  of  anti¬ 
trichomonas,  coccus  micro¬ 
flora  (according  to  N.  A.  biotics  for  inhibiting  the  associated 

Tsagikyan). 

microflora.  The  medium  for  isolating 
. richomonas  cultures  consists  of  meat  broth  (pH  =  6.0)  with  0.1#  dex¬ 
trose,  IO56  equine  or  human  serum,  300  YeD  penicillin  per  1  m^  and  200 
YeD  streptomycin.  The  culture  is  developed  at  36°;  the  precipitate  is 
examined  3  and  6  days  later  for  the  presence  of  trichomonas. 

The  medium  of  Jones  and  Trassel,  modified  by  B.  A.  Teokharov,  con¬ 
sists  of  20#  ascitic  fluid,  20#  liver  extract,  2#  peptone,  l  r#  cysteine 
hydrochloride,  0.3#  maltose,  0. 3#  glucose  and  about  57#  Tirode  solution, 
the  medium  having  a  pH  of  5. 8-6. 0.  Before  use,  200  YeD  each  of  penicil¬ 
lin  and  streptomycin  is  added  for  each  1  ml  of  medium.  If  a  semiliquid 
consistency  is  desired,  0.1#  agar  must  be  added.  Cultures  of  vaginal 
trichomonas  can  also  be  obtained  on  a  solid  medium,  which  differs  from 
the  Jones  and  Trassel  medium  by  addition  of  3#  agar  and  omission  of  the 
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cysteine  from  the  composition.  After  one  or  two  reinoculations,  further 
addition  of  antibiotics  is  not  necessary.  In  the  above  described  liquid 
and  semiliquid  media,  the  trichomonas  population  attains  2-5  million 
within  3-4  days  and  in  some  cases  even  6  million  individuals  in  1  ml. 

The  saline  nutrient  medium  of  P.A.  Voloskov  can  also  be  used.  Com¬ 
position  of  the  medium  (per  100  ml);  0. 7  £  sodium  chloride;  1  £  tri¬ 
sodium  citrate;  1  £  medicinal  glucose;  90  ml  distilled  water,  10  ml 
fresh  milk  (unboiled),  freed  of  the  entire  fat  content  by  centrifuging 
separation  (centrifuging  20-30  minutes  at  3000  rpm,  separation 
f-  :ce).  After  dissolution  of  the  salts  and  glucose  in  distilled  water 
and  with  addition  of  the  milk,  50,000  YeD  penicillin  and  100,000  YeD 
streptomycin  are  added,  5-10  ml  of  the  prepared  medium  or  physiological 
salt  solution  is  usually  added  to  the  penicillin  and  streptomycin  in  a 
flask  and  then  the  calculated  quantity  of  antibiotics  added  to  the 
medium.  10  ml  portions  of  the  medium  are  filled  into  clean  test  tubes 
and  pure  vaseline  oil  poured  on  top  of  it  (0.75-1.0  ml  into  each).  The 
culturing  of  trichomonas  can  also  be  carried  out  without  the  oil. 

The  medium  can  be  made  up  in  advance  and  stored  in  a  refrigerator 

or  at  room  temperature  (in  a  cabinet) 
for  4-7  days.  In  view  of  the  presence 
of  antibiotics  in  the  medium,  further 
sterilization  is  not  necessary. 

The  inoculation  of  media  with  the 
test  material  is  carried  out  with  a 
quantity  of  0. 3-0. 5  ml  from  the  precipi 
tate  of  the  specimen.  The  tes;  material 
is  applied  to  the  bottom  of  each  test 
tube  with  a  separate  pipette.  The  inocu 
lated  test  tubes  are  placed  into  the 


thermostat  at  37°.  The  cultures  are  observed  for  10  days  and  examined 
on  the  3rd,  5th,  7th  and  10th  day. 

When  the  growth  is  copious,  the  trichomonas  can  be  detected  by 
microscopic  examination  within  only  24-48  hours.  Trichomonas  prolifer¬ 
ate  most  intensely  in  the  lower  layer  of  the  medium  in  the  test  tube, 
hence  when  the  cultures  are  checked,  the  material  should  be  taken  by 
means  of  a  Pasteur  pipette  from  the  bottom  of  the  test  tube. 

'Ihe  drops  are  examined  in  the  dark  field  of  the  microscope  at 
280-600  fold  magnification.  When  growth  is  copious,  5-50  and  more  tri¬ 
chomonas  can  be  seen  in  one  field  of  vision. 
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DISEASES  CAUSED  BY  FUNGI 

P.  N.  Kashkin,  Professor,  Honored  Worker  in  Science,  of  the  RSFSR 

Fungus  diseases  (mycoses)  infect  humans,  different  animals  and 
plants;  their  clinical  manifestations  differ  and  the  patnogenic  agents 
numerous.  Some  fungus  diseases  are  met  in  the  form  of  sporadic 
■  ses  which  are  not  interconnected,  others  spread  in  the  form  of  an 
epidemic  and  some  are  of  an  endemic  nature. 

Among  the  fungi  which  are  pathogenic  to  man,  we  find  monocellular 
arid  multicellular  microorganisms,  some  of  which  grow  on  artificial 
media  and  some  which  do  not  develop  outside  of  the  patient's  organism. 
Morphology  of  fungi 

The  cell  dimensions  of  fungi  vary  from  a  few  microns  (yeasts, 
•joimatophytes )  to  tens  and  hundreds  of  microns  (molds).  Their  cells 
contain  protoplasm,  a  nucleus,  vacuoles  and  several  Inclusions.  The 
cell  membrane  of  many  molds  is  double-contoured  and  colorless,  in  others, 
conversely,  it  is  more  intensely  stained  than  the  protoplasm.  The  pro¬ 
toplasm  of  the  young  cells  Is  usually  homogeneous,  that  of  more  mature 
cells  is  granular.  The  fungus  cell  contains  one  or  more  nuclei  wir,h 
nucleoli;  the  shape  of  the  nucleus  is  spherical,  hondriozomes  have 
been  found  in  some  fungi;  they  are  particularly  clearly  visible  in 
yeast  cells.  Inclusions  which  are  invariably  present  in  the  fungus  cell 
are  fat,  volutin,  glycogen,  and  more  rarely,  crystals  of  salts,  organic 
acids,  and  pigments. 

The  most  frequent  shape  of  young  fungus  cells  is  ovate  or  elongated 
in  the  form  of  tubules,  giving  branched  fibers,  the  mycelium.  In  more 
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nature  cultures,  one  can  observe  polymorphous,  piriform,  clubshaped, 
fusiform,  ameboid  cells. 

The  mycelium  is  a  cylindrical  tubule  with  a  diameter  of  1  to  10  p, 
divided  by  transverse  partitions  into  cells,  whose  length  varies  from 
4-5  to  50-70  p.  The  mycelium  is  branched,  the  branches  arise  in  the 
form  of  lateral  outgrowths  which  are  situated  in  some  fungi  on  the  same 
side  at  regular  intervals,  by  interlacing  and  forming  anastomoses  with 
each  other,  the  fibers  .reate  a  loose  or  dense  mycelium,  which  is 
tightly  connected  with  the  nutrient  substrate  in  some  kinds  of  fungi, 
while  it  is  easily  separated  from  it  in  others.  In  some  fungi,  a  char¬ 
acteristic  branching  is  formed  at  the  end  of  the  fibers,  which  is 
reminiscent  of  reindeer  horns,  chandeliers,  combs,  ameboid  mycelium, 
etc.  The  tips  of  the  fibers  are  also  very  diverse,  having  the  sahpe  of 
helices  and  thin  spirals  or  terminating  in  a  swelling  reminiscent  of  an 
acorn,  crozier,  club,  spindle,  and  similar  formations. 

Instead  of  a  true  mycelium,  a  pseudomycelium  is  found  in  the  cul- 
ures  of  yeast  fungi,  consisting  of  elongated  cells  with  lateral  branch 
ngs,  similar  to  a  true  mycelium.  This  similarity,  however,  is  super¬ 
ficial;  the  individual  cells  are  not  connected  in  any  way,  each  of  their, 
being  covered  by  their  own  membrane;  instead  of  true  branching  there  is 
only  a  dendritic  arrangement  of  the  cells. 

The  spores  of  the  fungi  serve  for  their  proliferation  and  propaga¬ 
tion  in  the  environment.  They  are  usually  formed  In  large  numbers  and 
appear  either  inside  the  mycelium,  the  endospores,  or  outside  of  it,  on 
the  mycelium,  the  exospores.  To  th-  endospores  belong  the  tissue  forms 
of  the  pathogenic  agent  of  coccidial  mycosis,  rhinorporidiosis,  which 
develop  in  large  spherical  formations,  the  sphaeruli.  The  external 
spores  are  formed  either  directly  from  the  mycelium,  on  its  branches, 
or  on  characteristic  sporophoric  hyphae. 
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According  to  their  origin,  they  are  classified  (Langeron)  into: 
1)  arthrospores  with  angular  or  round  shape,  a  size  of  2-4  x  4-8  u, 
formed  by  dissection  of  the  mycelium;  2)  blastospores,  round  or  ovate 
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Fig.  137.  1)  Mvceliumj  2)  branched  mycelium  in  the  form  of  reindeer 
horns;  3)  cristate  organs,  mycelium  tips  of  dermatophytes;  4)  chande¬ 
liers,  terminal  branching  of  mycelium;  5)  clubshaped  mycelium  tips; 

)  mycelium  tips  in  the  form  of  acorns;  7)  nodulose  organs,  the  myceli¬ 
um  network  of  dermatophytes;  8)  fusiform  spores  on  the  mycelium  tips; 
j)  ascospcres;  10)  sporangiospores;  11)  arthrospores;  12)  blastospores; 
13)  terminal  and  intercalated  chlamidospores ;  14)  aleurias;  13)  macro- 
ani  microconidii. 


with  a  size  of  1.5  to  7-8  u,  formed  by  budding  of  a  material  cell;  3) 
chlamidospores,  round,  large,  15-20  u  in  diameter  with  clearly  visible, 
rough  membrane,  situated  along  the  mycelium  (intercalated,  interjacent) 
v."  at  the  tips  (terminal)  of  the  mycelium;  4)  aleurias,  aleurospores 
vit’..  r  an  1  ririform  shape  and  a  sice  of  2-5  x  3-7  formed  in  large 
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numbers  from  the  mycelium  contents,  and  arranged  in  clusters  or  singly; 

)  conidia  or  conidiospores  with  round  or  ovate  shape,  a  diameter  of 
3-5  x  5-8  p,,  formed  on  special  conidiophores  at  the  sides  or  the  tips 
of  the  mycelium,  being  attached  to  it  either  directly  or  through  thin 
stems  (sporotrichium,  etc.).  The  membranes  of  the  conidia  are  smooth  or 
rough,  colorless  or  colored  with  different  shades.  To  the  conidia  be¬ 
long  also  the  large  fusiform  shapes  with  a  length  of  6-8-40  p,  a  width 
of  3-12  p  with  transverse  partitions;  these  are  terned  macroconidia  or 
spindles  (Pig.  137)* 

In  infection  foci  and  the  pathological  material  from  patients,  the 
fungi  are  fairly  similar,  entirely  different  from  those  in  cultures. 
Biology  of  Fungi;  culturing  characteristics 

The  pathogenic  fungi  are  aerobic.  They  use  various  proteins  and 
carbohydrates  for  their  nutrition,  while  some  break  down  fats  and  kera¬ 
tin  and  can  assimilate  mineral  compounds.  The  degree  of  decomposition 
of  the  proteins  and  carbohydrates  varies  also  with  the  species  of  fun- 
;us.  Some  of  them  decompose  proteins  only  to  amino  acids,  others,  con¬ 
versely,  produce  ammonia  and  hydrogen  sulfide.  Some  fungi  form  only 
acids  from  carbohydrates,  others  break  them  down  ^o  carbon  dioxide  and 
water. 

Most  pathogenic  fungi  develop  best  in  acid  media  (pH  =  6. 0-6. 5) 
while  alkaline  nutrient  media  are  optimum  for  actino-mycetes  (pH  =  7.2- 
7.8). 

The  temperature  optimum  for  most  pathogenic  fungi  is  28-33%  but 
they  grow  fairly  well  at  room  temperature  (16-20°)  and  at  35-37°. 

The  culture  characteristics  of  some  pathogenic  fungi,  grown  at 
different  temperatures,  differ  in  their  details;  thus,  for  example,  the 
pathogenic  agents  of  coccidoidal  mycosis,  blastomycoses  and  histoplas¬ 
mosis  give  mycelial  forms  at  30-33%  and  at  35-37°,  yeastlike  forms. 
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Fig.  138.  Cultures  of  dennatophytes  on  Saburo  medium.  1)  Trichophiton 
violaceum;  2)  trichophiton  craterif orme;  3)  trichophiton  gipreum:  4 ) 
trichophiton  faviforme;  9)  achorion  schonleini;  6)  microsporum  lanosum 
]')  microsporum  ferrugineurn;  3)  epidermophyton  ingueinale;  9)  epidermc- 
phyton  Kaufmann-Wolf. 


almost  wholly  without  mycelium. 

The  cultures  of  pathogenic  fungi  are  characterized  by  great  diver¬ 
sity  (Pig.  138).  The  size  of  the  colonies  varies  from  0.5  to  3  cm  and 
over  in  diameter.  The  colors  of  the  colonies  of  different  fungi  also 
vary  greatly;  in  addition  to  colorless  cultures,  white-yellowish,  yel¬ 
low,  brown,  pink,  red,  greenish,  orange,  violet  and  black  colonies  are 
found.  Fungus  colonies  are  sometimes  flat  and  smooth,  sometimes  plaited, 
tuberous,  wrinkled,  sometimes  craterlike  or  cupolashaped.  The  surface 
of  the  colonies  of  some  fungi  is  smooth,  leathery,  sometimes  shiny  with 
a  greasy  appearance,  in  others  downy,  velvety  or  powdery. 

The  consistency  of  the  cultures  is  also  different:  with  some,  it 
is  leathery,  solid,  with  others  soft,  pasty,  slimy- viscous,  in  some 
friable. 

The  behavior  on  the  substrate  is  also  different;  seme  penetrate 
deeply  into  the  medium,  others  are  easily  separated  from  the  nutrient 
medium. 

The  variability  of  the  colonies  is  determined  by  the  species  and 
age  peculiarities  of  the  fungus,  the  composition  of  the  nutrient  medium 
and  the  growing  conditions. 

Resistance  to  physical  and  chemical  factors 

The  environment,  and  various  physiochemical  and  biological  factors 
exert  an  exceptionally  great  influence  on  the  development  and  viability 
of  the  pathogenic  fungi. 

Heating  of  the  fungi  in  clutures  and  in  pathological  material  to 
60 0  and  over  causes  their  death  and  this  the  more  rapidly,  the  higher 
the  temperature.  Boiling  for  2-15  minutes  kills  all  cellular  forms  of 
Dathogenic  fungi  in  clutures  as  well  as  in  pathological  material. 

Fungi  are  fairly  resistant  to  freezing;  when  they  are  vacuum-dried 
in  the  frozen  state,  they  retain  their  viability  for  lS-24  months.  Re- 
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peated  freezing  and  thawing  under  normal  conditions  kills  fungus  cul¬ 
tures. 

Irradiation  with  ultraviolet  light  has  a  fatal  effect  on  fungi. 
X-rays,  even  in  very  large  doses,  are  not  harmful  to  them;  diffuse  sun- 
lignt  favors  the  formation  of  pigment  in  tome  dermotophytes. 

Of  chemical  factors,  various  antiseptic  remedies  are  harmful  to 
pathogenic  fungi:  phenol,  chloramine,  antiformin,  formalin,  etc. 

Mineral  and  organic  acids  such  as  hydrochloric,  sulfuric,  nitric,  sali¬ 
cylic  acid  in  5-10#  solution  kill  the  fungi  within  15-20  minutes.  Much 
1  .;s  active  are  hydrogen  peroxide,  boric  acid,  thymol,  silver  nitrate, 
protargol,  chloroform,  ether,  ethanol,  o  cc. 

Mycocidal  effects  have  the  antibiotics  nistatin,  amphotericin,  and 
griseofulvin,  which  have  proved  efficient  in  the  therapy  of  superficial 
and  deep  fungus  diseases. 

LABORATORY  DIAGNOSIS  OF  FUNGUS  DISEASES 
Test  Material 

Pus,  skin  scales,  scrapings  from  the  nails,  deposits  on  the  mucosa, 
sputum,  spinal  fluid,  blood,  urine,  biopsy  tissues,  etc.  are  examined. 

Microscopic  anamination 

The  unstained  preparations  of  the  pathological  material  are  exam¬ 
ined  in  a  drop  of  10-20#  caustic  (KOH,  NaOH),  which  has  been  slightly 
warmed  or  in  a  mixture  of  glycerol  and  ethyl  alcohol  (equal  volumes). 

Fungi  can  be  stained  in  fixed  preparations  of  pathological  material 
by  the  methods  of  Gram,  Ziehl-Nielsen,  Romanovskly-Giemsa,  etc. 

Very  useful  are  the  methods  of  concentrating  the  fungi  in  the  test 
material  (skin  and  nail  scales,  pus,  urine,  sputum)  in  10#  alkali  with 
boiling  (express  method)  or  for  several  hours  in  the  cold  with  subse¬ 
quent  washing  by  centrifuging. 

The  unstained  preparations  are  first  examined  under  the  microscope 


at  small  (10x5)  and  then  at  high  (20-40x5-15)  magnification;  the  im¬ 
mersion  objective  is  used  mainly  for  stained  preparations. 

The  presence  of  mycelium,  budding  cells,  different  spores  and, 
which  is  particularly  important,  of  molds  with  external  (conidia)  and 
internal  (sporangia,  spherules)  fruit  bodies  is  a  strong  indication  of 
the  fungus  nature  of  the  given  infection. 

An  abundance  of  fungoid  elements  and  their  increase  during  repeat¬ 
ed  examinations  in  the  course  of  the  disease  are  important  indications 
of  the  fungus  nature  of  the  disease. 

Culturing  characteristics 

When  cultures  are  made  from  pathological  material,  this  is  some¬ 
times  treated  with  antiseptics,  acids  or  antibiotics  in  order  to  elimin¬ 
ate  any  extraneous  microbes. 

Solid  nutrient  media  are  usually  inoculated  with  small  lumps  of 
pathological  material.  The  most  suitable  media  for  fungus  culture  are: 
Saburo  medium,  brewing  wort  agar  7#  according  to  Balling,  meat-peptone 
ugar  agar,  Czapek  medium,  and  carrot  agar. 

The  surface  of  the  medium  is  inoculated  by  placing  very  small 
lumps  of  test  material  on  it  at  several  points  at  a  distance  of  1-2  cm 
from  each  other.  Addition  to  the  nutrient  media  of  wide-spectrum  anti¬ 
biotics,  naturally  without  harmful  effect  on  pathogenic  fungi,  in  a 
quantity  of  50-100  YeD  per  1  ml  of  medium  makes  it  easier  to  obtain 
pure  cultures  of  pathogenic  fungi.  The  nutrient  medium  should  be  slight¬ 
ly  acid,  pH  =  6.0-6. 5*  Dermatophytes  and  yeastlike  fungi  of  the  genus 
Candida  are  best  grown  at  30°,  the  pathogenic  agents  of  deep,  rare 
mycoses  at  separately  25  and  37°- 

The  growth  of  the  fungi  appears  on  the  3- 5th  day  but  if  not,  it  is 
recommended  to  keep  the  cultures  in  the  thermostat  for  up  to  30  days, 
when  fungus  growth  can  be  definitely  considered  to  be  absent. 
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The  identification  of  fungi  is  always  carried  out  on  the  basis  of 
their  peculiarities  in  the  pathological  material  and  taking  into  account 
their  culturing  characteristics,  pathogenicity  and  biochemical  activity. 


Serological  examination 

To  the  serological  examination  belong  the  agglutination,  comple¬ 
ment-fixation  and  precipitation  tests.  Specific  antigens  are  used  to 
reveal  the  presence  of  the  antibodies;  homogeneous  suspensions  of  path¬ 
ogenic  fungus  cells  for  the  agglutination  tests;  alcoholic-aqueous  ex- 
'  "-lets  and  polysaccharides  from  mycelium  for  the  complement-fixing  and 
precipitation  test. 

Allergy  test 

The  skin  tests  are  carried  out  with  sterile  filtrates  of  liquid 
cultures,  with  extracted  polysaccharides  or  with  killed  fungus  suspen¬ 
sions  (in  cases  of  candidosis). 

Dermatomycoses 

To  the  dermtomycoses  belong:  ringworm,  microsporia,  favus  and 
opidermophyty. 

Ringworm 

According  to  localization,  superficial  and  deepseated,  and  acute 
and  chronic  ringworm  is  distinguished. 

The  skin  and  hairy  part  of  the  head  are  effected. 

Pyodermal,  impetiginous,  deepseated  inflammation  forms,  and  also 
erosive,  and  chronic  forms  with  hardly  visible  foci  of  alopecia  and 
isolated  damage  to  the  hairs  have  been  described. 

Allergic  forms  of  lesions  often  develop  in  the  form  of  lichenoid, 
erythematous-squamous  or  pustulous  trichophytosis  on  exposed  parts  of 
the  body. 

Visceral  forms  with  lesions  of  the  lymph  nodes,  lungs,  kidneys, 
brain  and  bone  tissue,  usually  with  fatal  issue,  have  been  described. 
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The  pathogenic  agents  of  trichophytoses  are  the  numerous  trichophy 


tons  (Figs.  139,  140). 


Fig*  139*  Dermatophytes  in  hair,  a)  Trichophyton;  b)  microsporum;  c) 
achorion. 

They  are  subdivided  in  accordance  with  their  culture  characteris¬ 
tics  into: 

Type  I  -  leathery,  smooth,  dense,  slowly  growing,  colorless  or 
colored  colonies,  seen  under  the  microscope  to  consist  of  a  dense  net- 
■  ork  of  partitioned  mycelium,  fibers  consisting  of  cylindrical  or  poly¬ 
hedral  cells  with  chlamidospores  of  different  size. 

The  following  cultures  belong  in  this  group. 

1.  Trichophyton  violaceum  -  an  endotrix  with  large  spores,  forming 
violet,  leathery,  wrinkled  colonies,  which  are  striated  or  corrugated 
with  short  processes  extending  into  the  depth  of  the  medium. 

2.  Trichophyton  faviforme,  an  ectotrix  with  large  spores.  The 
colonies  are  pale-yellow,  more  rarely  brown,  sometimes  shiny,  smooth  or 
slighly  striated,  tightly  adhering  to  the  nutrient  medium. 

Type  II,  down,  luxuriating,  white-gray  colonies;  their  aerial  my¬ 
celium  attains  a  height  of  2-5  nan.  Under  the  microscope,  they  show  a 
fairly  even  mycelium,  aleurias,  more  rarely,  chlamidospores;  spindles 
are  occasionally  found.  As  an  example  Trich.  niveum  must  be  mentioned. 
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an  ectotrix  with  small  spores,  whose  snow-white  cultures  have  a  loose, 
uniform,  downy  surface;  they  do  not  grow  into  the  medium. 


rig.  140.  Trichophy¬ 
ton  in  a  nail  scale. 


Type  III,  velvety-powdery,  wrinkled  colon¬ 
ies  with  a  brittle,  paper-like  feel,  pale-yel¬ 
low  color  and  outgrowths  which  extend  into  the 
medium  from  the  rim  of  the  colony. 

Uhder  the  microscope,  abundant  aleurias 
are  seen,  arranged  in  lumps  along  the  sides  of 
the  mycelium;  terminal  and  intercalated  chlam- 
idospores,  and  more  rarely,  chains  formed  by 


them,  are  encountered. 

1.  Trichophyton  crateriforme,  an  endotrix  with  large  spores.  The 
colonies  are  velvety,  with  a  regular  craterlike  depression  and  small 
concentric  folds  along  the  periphery. 

2.  Trichophyton  rasaceum,  endo-ectotrix  with  large  spores,  forming 
flat,  velvety  colonies  with  few  folds  in  mature  cultures.  The  color  of 
the  colonies  is  initially  pure  white,  then  whitish,  later  on  pink.  It 
causes  a  disease  in  humans  and  cattle. 

Type  IV,  mealy,  rapidly  growing,  large  surface  colonies  with 
white-yellow  and  brown  tinge. 

Their  powdery  appearance  may  be  caused  by:  1)  A  dense,  uniform  de- 
posite;  2)  regular,  concentric  accumulations  of  different  density;  3) 
radial  denticles  which  are  denser  along  the  periphery. 

When  examined  under  the  microscope,  round  aleurias  predominate, 

4-t  spindle  cells  are  found,  helices,  spirals,  more  rarely,  chlamldc- 
spr res. 

Most  widespread  among  the  mealy  fungi  are  the  following. 

1.  Trichophyton  gypseum  asteroides.  whose  whitish  powdery  appear¬ 
ance  is  due  to  the  presence  of  stellate  clusters;  it  is  pathogenic  for 
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humans,  causes  diseases  of  horses,  cattle,  domestic  and  field  mice,  and 
can  easily  be  transmitted  by  inoculation  to  rabbits,  guinea  pigs  and 
rats,  causing  acute  inflmmation  reactions  in  them, 

2.  Trichophyton  radialis,  an  endo-ectotrix.  Its  colonies  are  first 
velvety,  then  mealy,  in  the  center  with  coarse  wrinkles,  cupolashaped, 
mealiness  around  the  periphery,  regular,  short  denticles  surrounding 
the  fairly  large  colonies  of  t..e  fungus.  The  color  of  the  colonies  is 
whitish,  pinkish  or  creamy. 

Type  V,  faviform,  tuberous-corrugated,  yellow-brown  colonies  with 

powdery  consistency.  Under  the  microscope,  abundant  polymorphous 

| 

chlamidospores  with  different  sizes,  patches  of  mycelium,  reminiscent 
of  chandeliers,  rudiments  of  spindles  and  rocketsnaped  large  cells  are 

V 

seen  in  the  mature  colonies.  As  an  example,  the  following  may  be  men¬ 
tioned:  Trichophyton  favlfome  discoides,  an  ectotrix  with  large  sporer;, 
whose  slowly  growing  colonies  are  fungus-like  and  waxy  in  the  center, 
nale-yellow  with  powdery  consistency.  The  central  zone  is  leathery, 
mealy,  grayish,  the  periphery  ray-like. 

Laboratory  diagnosis  of  trichophytoses.  The  pathological  material 
is  microscopically  examined  in  a  drop  of  caustic  solution,  usually  in 
the  form  of  unstained  preparations. 

The  fungus  is  found  in  the  hairs  in  the  form  of  spores  and  myceli¬ 
um.  Their  dimensions  and  arrangement  are  taken  into  account  in  the  dif- 
ferentail  diagnosis  of  fungus  diseases.  The  trichophytons  are  divided 
into  three  groups  in  accordance  with  their  relationship  with  hair: 
endothrix,  whose  spores  are  only  in  the  hairs;  ectothrlx,  whose  copious 
spores  cover  the  hair  and  its  base  and  neoendothrix,  a  type  of  fungus 
which  is  present  inside  as  well  as  on  the  hair.  With  regard  to  spore 
size,  large  spore  (diameter  5-7  M-)  and  small  spore  (diameter  3-5  u) 
trichophytons  are  distinguished. 
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The  hairs  which  are  infected  with  trichophytons  are  short  (1-2  mm 
and  less),  white,  dry,  sometimes  appearing  as  a  black  point  or  comma, 
enclosed  by  a  thin  scale  and  visible  under  the  magnifying  glass  or  the 
microscope  with  low  magnification. 

The  large  spherical  spores  of  the  endothrix  type  fill  the  inside 
of  the  hair  completely  but  are  not  found  outside  of  it;  the  hair  looks 
like  a  bag  filled  with  nuts.  With  the  ectothrix  type,  the  large  or  small 
spores  form  several  layers  around  the  base  of  the  hair,  thus  creating 
ri  le  (large  spores)  or  narrower  (small  spores)  sheath. 

In  addition  to  the  spores,  particularly  in  the  peripheral  parts  of 
the  hair,  short  or  long  chains,  formed  of  round  spores  and  sometimes 
fragments  of  mycelium  which  has  formed  spores,  are  found. 

In  the  skin  scales  among  the  epidermal  cells,  partitioned  mycelium 
fibers  are  seen,  which  are  subdivided  by  partitions  into  square,  rec¬ 
tangular  and  circular  segments  with  dimensions  of  3-5  *  2-3  |i,  and 
chain  s  and  clusters  of  round  or  ovate  spores  with  a  size  of  4-3  u  are 
also  found. 

In  the  nail  scales,  the  trichophytons  have  the  shape  of  a  branched 
mycelium,  chains  consisting  of  round  and  polyhedral  spores  and  also 
individual,  fairly  large  (5-8  u),  double-contoured  cells. 

Microsporosls 

Micro  spores  effect  the  skin,  hairs  and  only  very  rarely  the  nails. 
Microspore  lesions  of  the  beard,  eye  brows,  and  eye  lashes  have  been 
described,  but  penetration  of  the  fungus  into  the  hairs  does  not  always 
take  place,  the  process  beginning  with  a  lesion  of  the  bare  skin. 

Tiie  microspore  lesions  of  the  nails  and  the  allergic  exanthemas 
(microsporidia)  are  rarely  encountered;  they  resemble  the  trichophyton 
infections. 

The  pathogenic  agents  of  microsporosls  infections  are: 
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1.  Mlcrosporum  lanosum,  the  most  commonly  found  pathogenic  agent 
of  microsporia  infection  of  humans,  cats  and  dogs.  The  colonies  of  the 
primary  clutures  are  large,  grayish-white,  in  the  center  powdery,  to¬ 
wards  the  periphery  friable -downy.  The  stock  cultures  are  uniformly 
downy,  white  or  gray. 

The  mycelium  is  bamboo-like,  consisting  of  rocketshaped  cells, 
thickened  at  one  end;  large  monocellular  spindles,  enlccsed  in  a 
serrated,  fluffy  membrane;  round  chlamidospores  and  mycelium  with  term¬ 
inal  ''comblike  organs;"  not  very  numerous  aleuria. 

The  fungus  is  pathogenic  for  guinea  pigs  and  rabbits. 

2.  Microsporum  ferrugineum,  colonies  fairly  large,  flat  or  tuber¬ 
ous,  leathery;  in  the  center  domeshaped,  subdivided  by  fine  grooves  in¬ 
to  a  number  of  convex  sections.  The  color  of  the  colonies  is  white, 
brown,  more  rarely  reddish.  Yellowish,  funguslike  waxy  and  also  white- 
powdery,  finely  tuberous  or  wrinkled  variants  are  found  which  are  quite 
similar  to  the  cultures  of  other  dermatophytes. 

Laboratory  diagnosis.  In  mature  cultures,  the  microscope  reveals  a 
^.arge  mycelium,  large  intercalated  and  terminal  chlamidospores  with  a 
size  up  to  30  p,  and  chains  consisting  of  polymorphous  cells.  Spindles 
are  absent,  large  aleurias  rare,  being  found  mainly  in  the  cultures  of 
the  powdery  variants.  It  causes  disease  only  in  humans  (Fig.  l4l). 


When  the  hairs  affected  by  microsporia 
are  examined  under  the  microscope,  the  fungus 
has  a  characteristic  appearance:  numerous  small 
round  (2-3  p)  spores  surround  the  base  of  the 
hair  densely,  being  closely  adjacent  in  the 
form  of  a  mosaic.  Inside  the  hair,  in  its 
follicular  region,  partitioned  mycelium  can  be 


Fig.  141.  Microsporum 
in  skin  scale. 


seen,  which  fills  the  peripheral  part  of  the 
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hair  fairly  densely.  Sometimes  a  loose  mycelial  fringe  is  visible  which 
projects  beyond  the  peripheral  end  of  the  hair.  In  the  scales,  the 
fungus  has  the  shape  of  fairly  thin,  branched  fibers  with  sparse  but 
clearly  visible  partitions.  Chains  of  mycelium  which  decomposes  into 
spores,  can  be  seen.  The  spores  of  the  fungus  in  downy  hair  are  arranged 
in  the  form  of  a  mosaic,  either  on  the  surface  of  the  hair  or  like  the 
ondcthrix  type,  filling  the  hair  densely  with  parallel  chains  consist¬ 
ing  of  small  spores. 

The  elements  of  the  fungus  in  the  nails  are  somewhat  larger  but 
bv  .ically  similar  to  those  in  the  skin  scales. 

Favus 

Favus  effects  the  smooth  skin,  the  hairs  and  nails.  A  typical 
element  are  the  scutulas,  round,  flat  or  saucer-shaped  formations  with 
yellow  color,  clinging  tightly  to  the  skin,  with  crumbly  consistency, 
consisting  almost  entirely  of  fungoid  elements  and  effected  epidermis 

cells. 

Favus  of  the  smooth  skin  is  found  in  the  scutular,  vesticular- 
impetiginous  or  seborrheal  form  and  also  in  the  form  of  blotches  on  the 
surface  of  a  reddened  base. 

Favus  of  the  hairy  part  of  the  head  is  found  in  humans  mainly  in 
three  varieties:  1)  scutellar  or  scaly  form;  2)  pustulous,  scabby  or 
impetiginous;  3)  desquamative  or  pityroidic.  Hie  fungus  affected  hairs 
remain  for  a  long  time  long,  dry,  dull,  gray,  tightly  embedded  in  the 
thick  part  of  the  scutula. 

In  addition  to  the  typical  forms  of  favus,  unusual  forms  are  found, 
for  example,  pit/riastic  or  seborrheal.  Lesions  of  the  lumph  glands, 
lung  tissue,  intestinal  mucosa  and  also  of  the  bones  and  brain  tissue 
have  been  described. 

The  most  frequent  pathogenic  agent  of  favus  in  man  is  Achorion 


fchBnlelni.  The  young  cultures  of  the  fungus  are  smooth,  naked,  pale- 
yellow,  later  they  Increase  in  thickness,  and  become  wrinkled,  similar 
to  saddle  fungus  or  Greek  sponges,  with  crumbly  consistency.  The  old 
cultures  are  dry,  wrinkled,  thick,  dark-brown,  sometimes  surrounded  by 
a  white  raylike  rim  along  the  periphery.  Craterlike,  gypsumlike  cere- 
briform,  exsiccated,  velvety-downy  variants  and  also  cultures  with 
outgrowths  which  penetrate  deeply  into  the  nutrient  medium  at  the 
edges  and  under  the  colony  itself  are  found. 

In  typical  cultures,  an  extensive  clearly  partitioned  mycelium 
with  branches  in  the  form  of  reindeer  horns  or  chandeliers  can  be  seen 
under  the  microscope.  Large,  round  chlamirtospores  and  also  blunt-tipped 
long  and  broad  formations,  similar  to  large  spindles,  are  seen  at  the 
tips  of  the  mycelium.  Club-shaped  swellings  and  broad,  slightly  oblate 
cells,  resembling  the  head  of  a  nail-  "favus  nails"  -  are  often  seen. 

In  the  powdery  variants,  large  piriform  aleuria  are  seen,  which  sit 
on  the  sides  or  ends  of  the  mycelium  or  are  arranged  on  it  clusters. 

When  laboratory  animals  are  infected  with  typical  cultures,  the 
Lsease  develops  in  15-20#  of  the  cases.  The  powdery  variants  are  more 
pathogenic,  causing  illness  in  most  animals  and  also  adult  humans  when 
rubbed  into  the  skin. 

Laboratory  diagnosis  of  favus.  Typical  for  the  pathogenic  agent  of 
favus  in  hair  is  the  polymorphism  of  the  fungus  elements:  in  addition 
to  the  thin  (2-3  4)  mycelium  with  few  partitions,  a  thicker  mycelium 
(  .-6  p.)  consisting  of  rectangular  cells  with  double -contoured  membrane 
are  found.  At  the  same  time,  chains  and  clusters  consisting  of  round  am 
polyhedral  spores  are  found  in  the  hair,  and  air  bubbles  and  fat  drop¬ 
lets  are  visible.  It  should  be  pointed  out  that  the  hairs  in  cases  of 
favus  infection  are  never  completely  filled  with  fungus  elements,  the 
healthy  layers  of  the  hair  being  partially  preserved,  in  consequence  of 
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which  the  hairs  remain  long,  dry  and  white  for  a  considerable  length 
of  time. 

Topical  for  the  mature  scutula  is  an  abundance  of  large,  polyhe¬ 
dral  and  spherical  spores,  arranged  irregularly  in  clusters  or,  more 
raiely,  in  short  ha ins;  the  cell  elements  of  the  skin  are  hardly 
visible. 


In  favus  onychomycosis,  the  fungus  elements  are  irregularly  ar¬ 
ranged  in  the  scales,  in  the  form  of  single  cells  or  short  branchlets 
of  mycelium  or  very  copiously  in  the  form  of  a  branched  mycelium  with 


ci»ains  of  polymorphous  spores  and  individual  spore  clusters. 


)idermcc 


Th_  epldermophytor.  infections  are  local¬ 
ized  in  the  equina  1  ar.d  other  skir.  fold  -  .n  the 
feet  ar.d  hand.-,  the  nail,  al.;^  being 
affected. 

The  fungus-affected  nails,  mainly  on  the 


toes  I  and  V,  are  dirty-gray,  deformed  and 


Fig.  142.  Epidermophy- 
ton  in  skin  scale. 


brittle. 

The  pathogenic  agents  of  epidermophytosi:: 


are : 


1.  Epidermophyton  inguinale,  the  colonies  are  round,  powdery, 
first  dome-shaped  and  raised,  and  smooth,  later  wrinkled  and  tuberous, 
sometimes  with  irregular  crater-like  depression. 

When  young  cultures  of  Epi!.  inguinale  are  examined  under  the 
microscope,  a  uniform,  clearly  partitioned  mycelium  predominate.;,  while 
in  mature  cultures,  large  intercalated  chlamidospores  are  found,  some¬ 
times  chains  formed  by  them.  The  piriform  aleurias  are  not  always  pre¬ 
sent.  Very  typical  spindles  consisting  of  4-:_  cells  and  having  a  sire 
of  20-35  *  are  visible  a‘  the  tips  of  tne  mycelial  fibers;  the 

spindles  are  u.  ualiy  arranged  in  clusters  oi  elements, 


similar  to  a 


bunch  of  bananas  (Pig.  142). 

2.  Epldermophyton  Kaufmann-Wolf  —  rapidly  growing  colonies,  velve¬ 
ty-powdery,  surrounded  at  their  periphery  by  a  narrow  rim  consisting  of 
ycung  shoots  which  creep  over  the  substrate.  The  mature  cultures  are 
crowded  and  powdery,  their  center  is  dome-shaped,  wrinkled  or  tuberous. 

The  cultures  of  this  fungus  show  great  diversity.  Downy,  gypsumlike 
powdery,  velvety-powdery  smooth  and  wrinkled  cultures  are  found,  some¬ 
times  cerebriform  variants,  often  isolated  from  the  same  patient. 

The  color  of  the  colonies  is  usually  white,  more  rarely,  yellowish, 
pinkish,  brown  and  even  red  cultures  being  found. 

Under  the  microscope  in  cultures:  long,  branched,  partitioned 
mycelium,  long  helices  and  spirals  being  fairly  frequently  seen  on  the 
tips  of  the  mycelium;  polymorphous,  intercalated  chlamidospores.  Numer¬ 
ous  aleurias  with  a  diameter  of  2-3  4  sit  on  the  sides  and  the  ends  of 
the  mycelium.  The  aleurias  are  often  arranged  in  clusters,  the  latter 
most  often  in  gyp sum- like -powdery  cultures. 

The  spindles  of  Epld.  Kaufmann-Wolf  are  fairly  typical:  the  length 
is  20-30  4,  the  width  5-7  4»  they  are  subdivided  by  transverse  parti¬ 
tions  into  5-6  cells,  the  central  ones  being  the  largest.  In  old  cul¬ 
tures,  spindles  are  rarely  found,  but  chlamidospores  are  much  more 
frequent. 

Inoculation  of  animals  with  the  cultures  is  not  always  successful. 

Laboratory  diagnosis.  In  the  scales  from  the  infection  foci,  the 
fungi  are  seen  in  the  form  of  partitioned,  branched  mycelium  with  a 
diameter  of  3-5  4  and  separate  chains  consisting  of  polymorphous  cells 
with  a  size  of  2-3  x  6  4,  solitary  fungus  elements  being  rarely  found. 

Methods  of  detecting  dermatophytes.  The  dermatophytes  enter  the 
environment  from  infection  foci  of  patients  in  affected  hairs,  skin  and 
nail  scales.  They  are  most  conveniently  collected  by  repeated  brushing 
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with  a  moist  hair  brush.  It  Is  essential  to  cover  the  greatest  possible 
surface  area  of  the  test  objects:  floor,  clothes,  books  (between  the 
leaves  and  the  comers  of  the  pages  in  the  lower  right),  carpets,  vari¬ 
ous  objects. 

Hie  brush  is  then  carefully  washed  by  repeated  immersion  in  a 
sterile  centrifuge  test  tube  containing  physiological  salt  solution  and 
50  YeD  each  of  streptomycin  and  penicillin  in  1  ml  to  check  the  asso¬ 
ciated  microorganisms. 

The  liquid  is  centrifuged,  examined  under  the  microscope  in  a  drop 
of  aseptically  prepared  fresh  physiological  salt  solution  and  solid  and 
liquid  nutrient  media  inoculated  with  it  (Saburo  medium,  brewing  wort- 
agar)  with  antibiotics  to  obtain  cultures  of  the  corresponding  dermato¬ 
phytes. 

The  detection  of  dermatophytes  during  the  microscopic  examination 
of  the  precipitate  is  of  great  importance;  it  attests  to  the  fact  that 
the  test  material  Is  infested  with  dermatophytes. 

Method  of  detecting  dermatophytes  in  the  soil:  the  soil  sample 
which  is  to  be  examined,  is  placed  into  a  Petri  dish,  preferably  in  a 
layer  with  1  cm  thickness,  moistened  with  sterile  water  (10-15  ml)* 
human  or  animal  hairs  with  a  length  of  3-^  cm  and  sterilized  at  120° 
placed  on  the  soil  sample,  and  the  Petri  dishes  kept  in  the  thermostat 
at  25-30°.  They  are  examined  every  2-3  days  for  10-15  days.  Hairs  which 
are  covered  with  a  grayish-white  (mycelial)  deposit  of  nodules  ar^  taken 
out  for  microscopic  examination  and  reinoculation  of  antibiotic-contain¬ 
ing  media  and  for  intradermal  infection  of  guinea  pigs. 

The  species  is  then  described  on  the  basis  of  a  study  of  the  pure 
fungus  cultures  and  their  peculiarities  in  the  pathological  material 
from  the  infected  animals. 

To  detect  epidermophytons  on  objects  from  the  environment  of  pa- 


tients,  basically  the  same  methods  are  used  as  for  the  detection  cf  the 
dermatophytes.  Animals  are  not  infected  in  view  of  the  low  pathogenicity 
of  epidermophytons  for  them. 

When  baths,  swimming  pools  or  shower  installations  are  to  be  in- 

< 

vestigaced,  samples  are  taken  from  the  floor  and  walls  of  the  basins 
or  bathing  utensils  with  a  hair  brush  or  they  are  scraped  off  with  a 
scalpel.  To  detect  epidermophytons  in  soap  water,  10-15  liters  of  the 
water  must  be  passed  through  a  layer  of  gauze;  the  slimy  mass  is  taken 
off  the  gauze  with  the  scalpel  and  washed  by  repeated  centrifuging  in 
physiological  salt  solution  containing  antibiotica.  The  precipitate  is 
examined  microscopically  and  seeded  out  on  solid  media  containing  anti¬ 
biotics. 

The  detection  of  the  fungi  in  the  scales  during  the  microscopic 
examination  of  the  precipitate  is  of  great  diagnostic  importance;  the 
species  characteristics  of  the  fungi  are  determined  by  preparing  cul¬ 
tures  which  must  be  observed  for  25-30  days. 

Candldoses 

The  clinical  manifestations  of  candldoses  are  very  diverse.  The 
fungi  effect  the  skin  and  mucosa,  various  tissues  and  organs:  the  di¬ 
gestive  tract,  the  respiratory  pathways,  the  urogenital  pathways  and 
the  central  nervous  and  cardio-vascular  system. 

The  habitats  of  the  yeast-like  fungi  of  the  genus  Candida  are  the 
skin  and  mucosa  of  humans,  domestic  fowl,  some  mammals,  but  they  are 
also  frequently  detected  on  various  fruits  and  berries,  in  milk  pro¬ 
ducts  and  fruit  preserves.  They  are  also  found  on  objects  used  by 
patients,  on  the  inventory  of  the  sickrooms  and  dressing  rooms,  chil¬ 
drens  homes,  maternity  homes,  child  clinics,  and  rooms  of  mothers  and 
children. 

The  pathogenic  agents  of  candldoses  are  the  yeast-like  fungi  of 
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the  genus  Candida,  which  have  a  pseudomycelium,  blastopores  and  in  a 


few  species  also  chlamldospores. 

Bie  young  fungus  cells  have  a  circular  or  ovate  shape,  the  mature 
ones  are  elongate  or  spherical  with  dimensions  of  2  to  5  Hi  the  matixre 
cells  of  the  pseudomycelium  are  much  larger,  attaining  12-16  u  in 
length.  The  diameter  of  the  young  budding  cells  (blastophoros)  varies 
between  1  and  3  u* 

The  chlamldospores,  whose  diameter  may  attain  10-20  u,  have  larger 
dimensions;  their  shape  is  round,  the  membrane  thick  and  double-con- 
toured. 

Budding-off  is  the  sole  form  of  proliferation  of  the  yeast-like 
fungi.  The  buds  are  the  youngest  cells;  their  shape  is  round  or  slight¬ 
ly  piriform. 

The  yeast-like  fungi  of  the  genus  Candida  develop  fairly  well  and 
rapidly  oil  solid  agar  media  containing  carbohydrates. 

The  dimensions  of  their  colonies  are  much  larger  than  those  of 
bacteria,  sometimes  attaining  a  diameter  of  1  cm;  their  consistency  is 
creamy,  in  some  species  viscid  or  meal;  .  Growing  into  the  nutrient  sub- 
straute  is  common  to  many  species.  Concerning  color,  pure  white  or  pale- 
yellow,  cream  colored  colonies  are  found.  The  surface  of  the  colonies 
it  sometimes  entirely  smooth  (S),  mat  or  shiny,  sometimes  striated,  with 
fine  or  coarse  corrugations  or  rough  (R)  (Pigs.  143,  144,  145). 

The  edges  of  the  colonies  are  even,  with  sharp  outlines,  sometimes 
festooned,  wavened  or  even  sloping,  merging  gradually  into  the  surface 
of  the  nutrient  medium. 

The  antigen  properties  of  the  yeast-like  fungi  of  the  genus  Candi¬ 
da  have  not  yet  been  sufficiently  investigated. 

Culturing  characteristics  of  the  most  widely , occurring  yeast-like 
fungi  of  the  genus  Candida: 
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1.  Candida  albicans.  On  brewer's  wort-agar  round,  viscous,  white, 
convex,  shiny,  usually  smooth,  with  even  edges  and  branched,  dendritic 
pseudomycelium  which  grows  deeply  into  the  medium.  The  blastospores  are 
arranged  irregularly  on  both  sides  of  the  pseudomycelium.  The  chlami- 
dospores  are  round,  large,  double-contoured.  Candida  albicans  ferments 
glucose,  maltose,  levulose  and  partly  galactose;  it  does  not  affect 
milk.  It  is  pathogenic  for  laboratory  animals. 

2.  Candida  tropicalis.  The  colon¬ 
ies  are  round  with  serrated  edges, 
grayish  white,  initially  of  creamy 
consistency,  later  on  filmy,  compact, 
with  raised  irregularly  tuberous  cen¬ 
ter  and  smooth  or  radially  corrugated 
uneven  edges.  Growing  into  the  sub¬ 
strate  is  moderate.  On  liquid  media  it 
forms  a  film,  a  thin  ring  and  a  copi- 

Fig.  143.  Smooth  (S)  and  (R) 

,‘ough  cultures  of  yeast-like  ous  precipitate  on  the  bottom. 

’ungi  of  the  genus  Candida. 

The  pseudomycelium  is  highly  de¬ 
veloped,  branched,  with  an  abundance  of  blastospores  and  pse.udoconidia; 
chains  consisting  of  ovoid  cells  are  found.  Chlamidospores  are  absent. 
Fermets  glucose,  galactose,  saccharose,  maltose  and  levulose.  It  does 
not  effect  milk.  The  pathogenicity  for  laboratory  animals  is  variable. 

3«  Candida  pseudotroplcalls.  The  colonies  are  round,  flat,  with 
grayish  color  and  dull.  On  liquid  media  they  produce  a  precipitate.  The 
pseudomycelium  is  poorly  developed.  Chlamidospores  are  absent;  the 
blastospores  are  not  numerous.  Ferments  glucose,  saccharose,  lactose, 
raffinose  and  levulose.  The  pathogenicity  is  variable. 

4.  Candida  Krusei.  The  colonies  are  white  or  gray,  dry,  with  vis¬ 
cid  consistency,  dull,  smooth  or  with  fine  wrinkles,  the  edges  uneven 
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wii-h  HW,iU outgrowths  into  the  substrate.  The  pseudomycelium  ccn- 
c?  elongated  blastopores;  chlamidospores  are  absent.  Candida 
krusel  ferment  only  glucose  and  partly  levulose.  The  pathogenicity  for 
animals  is  low. 

Laboratory  diagnosis  of  candidoses.  The  skin  and  nail  scales,  the 


discharge  from  the  ulcerous  lesions  of  the  mucosa,  pus,  spinal  fluid, 
blood,  bile,  feces,  urine,  pieces  of  biopsy  tissue  and  material  from 
cadavers  are  examined. 

The  pathological  material  is  microscopically  examined  in  the  un¬ 
stained  form  in  10#  caustic,  a  mixture  of  alcohol  and  glycerol  (glycerol 
2  parts,  alcohol  2  parts,  water  4  parts)  or  Lugol  solution  (iodine 
crystals  1  £,  potassium  iodide  2  g,  water  150  ml).  The  last  mentioned 
is  the  most  suitable. 

The  detection  of  pseudomycelium  or  of  chains  consisting  of  round 
and  elongate  yeast-like  budding  cells  is  sufficient  for  a  positive 
result. 


The  preparations  which  have  been  fixed  by  heating  or  with  a  mix¬ 
ture  of  alcohol  and  ether,  are  gram- stained  or  by  the  method  of  Ziehl- 
Nielsen  and  Romanovskiy-Gierasa.  They  are  gram-positively  stained,  with 
Ziehl-Nielsen,  they  assume  a  blue  color  with  pink-yellow,  finely  granu¬ 
lar  inclusions  of  lipoids.  When  they  are  stained  by  the  Romanovskiy- 
Giemsa  method,  the  cells  of  the  yeast-like  fungi  are  pink-violet,  the 
chromatin  substance  is  red,  the  volutin  dark-violet. 

Hie  detection  of  yeast-like  fungi  during  the  microscopic  examina¬ 
tion  of  pathological  material  from  an  open  infection  focus  does  not 
have  any  decisive  diagnostic  importance.  Confirmation  by  culturing,  and 
serological*  and  allergic  test  methods  is  essential.  The  detection  of 
Candida  in  a  closed  infection  focus,  in  the  spinal  fluid  and  bile, 
aseptically  sampled  urine,  and  also  in  histological  sections  from  a 
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granulated  disease  focus  is  different  tissues  and  organs  is  very  valua¬ 
ble  for  establishing  the  candidosis  nature  of  the  disease. 


Pig. 144.  Microscopic  pattern  of  Candida  albicans  in  cultures  (chlami- 
dospores,  pseudomycelium,  blastospores ). 


Fig.  145.  Candida  albicans  in  sputum  (pseudomycelium  and  yeast  cells. 

Solid  and  liquid  sugar  media  are  widely  employed  for  producing 
cultures  of  the  yeastlike  fungi. 

In  order  to  avoid  contamination  with  bacteria,  it  is  recommended  to 
treat  the  culture  material  first  with  sulfuric  or  hydrochloric  acid 
(7^)  and  also  to  carry  out  seeding  on  media  which  contain  antibiotics: 
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penicillin  or  biomycin  in  a  quantity  of  50-100  YeD  per  1  ml  of  nutrient 
medium. 

The  cultures  are  kept  in  the  thermostat  at  30-35*  for  15  days. 

In  positive  cases,  usually  on  the  2-3rd  day,  small  shiny,  dome¬ 
shaped  colonies  of  yeast-like  fungi  appear  first,  then  large,  often  con¬ 
fluent  colonies  with  outgrowths  extending  into  the  substrate. 

The  degree  of  pathogenicity  (virulence)  of  the  yeast-like  fungi  is 
determined  on  rabbits  with  a  weight  of  1.8-2. 2  kg  which  are  injected 
intravenously  with  500,000  cells  from  a  pure  culture  of  yeast-like 
fungus  in  1  ml  of  physiological  salt  solution.  The  rabbits  are  killed  9 
days  later  and  the  degree  of  pathogenicity  of  the  strain  concerned  is 
determined  on  the  basis  of  the  pathological  alterations.  Nonvirulent 
strains  do  not  cause  any  alterations  in  the  kidneys  of  a  rabbit  which 
is  killed  9  days  after  infection.  Fungi  with  low  virulence  cause  the 
formation  of  nodes  and  microabscesses  in  the  kidneys.  The  virulent 
strains  cause  the  death  of  the  rabbit  within  9  days,  causing  specific 
changes  in  the  kidneys  (extensive  multiple  eruptions  of  grayish-white 
nodes  and  microabscesses  in  the  cortical  layer  of  the  kidneys. 

The  serological  diagnosis  of  candidoses  is  carried  out  by  means  of 
agglutination  and  complement-fixation  tests.  These  tests  are  carried 
ou«  by  the  usual  method  (see  pages  108  and  154). 

The  antigen  for  the  agglutination  test  is  a  suspension  of  a  two 
day  old  agar  culture  in  physiological  salt  solution  with  a  density  of 
200  million  Candida  cells  in  1  ml,  which  corresponds  approximately  to 
the  optical  density  of  the  standard,  containing  2  billion  microbe  bodies 
in  1  ml. 

The  positive  agglutination  tests  with  yeast-like  fungi  of  the  genus 
Candida,  particularly,  when  they  are  obtained  at  low  serum  dilutions 
(1  :  50-1  :  100),  are  devoid  of  diagnostic  significance  owing  to  the 
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fairly  frequent  detection  of  agglutinins  in  the  serum  of  healthy 
carriers.  Only  the  dynamics  of  the  agglutinins  and  their  increase  dur¬ 
ing  the  illness  (1  :  160-1  :  2560)  can  be  useful  for  confirming  the 
candidosis  nature  of  the  disease. 

A  suspension  of  a  two  day  old  agar  culture  of  Candida  in  30#  al¬ 
cohol  with  a  density  of  500  million  cells  in  1  ml  can  serve  as  antigen 
for  the  complement-fixation  test.  The  suspension  is  kept  48  hours  at 
37°  and  10  days  in  the  refrigerator  at  a  temperature  of  4-5°.  7.he  super 
natant  liquid,  whose  anticomplementarity  and  hemotoxcity  is  determined 
in  accordance  with  the  normal  rules  of  complement  titration  3s  used  as 
antigen  for  this  work.  Polysaccharides  extracted  from  the  cultures  can 
also  be  used. 

The  positive  test  is  most  marked  during  the  infection  and  disap¬ 
pears,  as  a  rule,  during  reconvalescence. 

Methods  of  detecting  yeast-like  fungi.  To  detect  the  yeast-like 
fungi  of  the  genus  Candida  on  environmental  objects  in  contact  with 
patients,  on  containers,  linen,  toys,  on  the  floor  and  in  dust,  the 
oest  material  is  collected  in  the  same  manner  as  for  the  detection  of 
dermatophytes,  treated  with  antibiotics,  the  precipitate  examined 
microscopically  and  solid  and  liquid  media  containing  antibiotics  or 
synthetic  medium  of  Rolain  inoculated.  10-15  days  later,  solid  Saburo 
medium  brewing  wort  agar  or  carrots  are  inoculated  with  the  culture  on 
the  Rolain  medium.  The  cultures  of  yeast-like  fungi  thus  obtained  are 
identified  by  the  usual  method. 

To  detect  yeast  fungi  on  vegetables,  fruit,  and  beiries,  swabs 
with  antibiotic-containing  physiological  salt  solution  are  prepared, 
the  precipitate  examined  under  the  microscope  and  seeded  out  on  media 
containing  antibiotics  and  on  acid  Rolain  medium. 

To  detect  yeast  fungi  of  the  genus  Candida  in  milk  products. 
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pickled  vegetables  and  fruits,  in  Jam  and  fruit  Juices,  etc.,  the  test 
material  is  diluted  with  physiological  salt  solution  containing  anti¬ 
biotics  (1  :  10,  1:  100,  1:  1000),  centrifuged,  the  precipitate  exam¬ 
ined  under  the  microscope  and  solid  and  liquid  media  containing  anti¬ 
biotics,  Rolain  medium  and  carrots  inoculated  with  it.  The  species 
characteristics  of  the  yeast  cultures  are  determined  in  the  usual  man¬ 
ner. 

The  detection  of  yeast  fungi  in  the  precipitate  during  microscopic 
examination  is  not  of  great  significance  in  view  of  the  morphological 
similarity  of  their  cells  with  those  of  other  yeasts.  The  pathogenicity 
is  then  determined  with  pure  cultures,  obtained  from  the  same  or  another 
sample  of  test  material. 

The  detection  of  yeast  fungi  in  wastes,  animal  excreta  and  also  in 
effluents  and  soap  water  of  baths  and  dimming  pools*  and  in  various 
soil  samples  is  carried  out  baci  ally  by  the  same  wethod.  Double  the 
quantity  of  antibiotics  must  bn  t.afcen  and  the  treatment  time  of  the 
precipitate  doubled,  which  is  then  seeded  on  ‘u'lld  m.  >  itaining 
antibiotics,  on  Rolain  medium  and  on  cavro*  ■>. 

CRYPTOCOCCOSIS 

Cryptococcosis  is  a  deep-seated  and  severe  disease  which  effects 
predominantly  the  central  nervous  system.  Affections  of  lump  nodes, 
lunge,  and  bronchial  glands,  skin,  subcutaneous  tissue,  spleen,  liver, 
kidneys  and  also  of  other  organs  in  the  abdominal  cavity  have  been  de¬ 
scribed.  The  proportion  of  skin  lesions  with  this  mycosis  is  not  more 
than  5%- 

The  pathogenic  agent  Cryptococcus  neof ormans  (Torula  histolytica) 
is  found  in  the  natural  environment,  the  soil,  and  in  pigeon  droppings. 

The  fungus  has  also  been  detected  in  fermented  fruit  Juices,  in 
tin  milk,  butter,  grass,  etc.  (Langeron  and  Van  Bruisegem). 
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The  pathogenicity  of  the  cultures  is  variable;  completely  reliable 
indications  concerning  fungus  infections  from  the  natural  environment 

are  not  yet  available. 

The  fungus  grows  on  nearly  all  laboratory  media.  The  cultures  on 
solid  media  are  shiny,  greasy,  of  viscid  consistency,  dome-shaped, 
first  smooth,  later  slightly  wrinkled  cr  finely  granular.  The  young 
cultures  are  pale  yellow,  the  mature  and  old  cultures  become  brown  and 
dark-brown; 

Morphology;  round  cells  with  different  size  and  small  round  or 
slightly  elongated  buds  and  slimy  capsule.  The  protoplasm  contains 
numerous  granules,  similar  to  endospores,  and  several  small  vacuoles 
(Fig.  146). 


/ 


rig.  146.  Crypto¬ 
coccus  ne of ormans 
in  a  culture  on 
agar  (according 
to  Conant). 

guinea  pigs,  dogs  and  sheep  are  less  suitable  for  infection. 

The  most  successful  method  of  infection  is  injection  of  the  mater¬ 
ial  into  the  brain  or  the  anterior  chamber  of  the  eye.  The  mice  die  on 
the  5-8th  day  after  intracerebral  infection;  death  occurs  earlier  when 
the  fungus  is  injected  intravenously.  Death  occurs  within  several  (3-6) 
weeks  when  intraperitoneal  or  subcutaneous  injection  is  used. 

The  experimental  infection  is  manifested  locally  or  is  of  a  gener¬ 
al  nature,  taking  a  course  similar  to  that  of  pseudo-tuberculosis  or 
septicemia,  with  development  of  metastatic  suppurations. 


The  capsules  of  Cryptococcus  ne of ormans  con¬ 
tain  mucopolysaccharides,  and  glucuronic  acid. 

The  pathogenic  agent  of  cryptococcosis  has  a 
low  antigen  activity.  Antigen  properties  are  absent 
in  the  strains  with  large  capsules. 

The  fungus  is  pathogenic  for  laboratory  ani¬ 
mals;  mice  and  rats  are  suscept.  le  to  infection 
with  cultures  and  pathological  material.  Rabbits, 
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Laboratory  diagnosis.  Pus  from  fistulas,  decayed  material  and 
pieces  of  tissue  from  the  focal  lesions,  pus  from  absecesses  and  from 
under  the  edges  of  ulcerous  lesions  on  the  skin  and  mucosa,  and  the 
centrifugation  precipitate  of  spinal  fluid  serve  as  test  material. 

In  unstained  preparations  (in  10#  caustic  solution,  physiological 
salt  solution,  mixture  of  alcohol  and  glycerol,  etc. ),  the  fungus  ap¬ 
pears  in  the  form  of  round  or,  more  rarely,  ovate  cells,  coated  with  a 
clearly  discernible  double-contoured  membrane.  The  size  of  the  cells  is 
2-5  to  10-15  and  even  20  u  with  a  single,  slightly  elongated  bud.  The 
fungus  is  nearly  always  surrounded  by  large  capsules  which  are  several 
times  larger  than  the  fungus  and  can  be  clearly  seen  with  special  stain¬ 
ing  methods. 

Cryptnccccus  cultures  can  be  isolated  fairly  easily  from  pathologi¬ 
cal  material. 

The  serodiagnosis  of  cryptococcosis  has  not  yet  been  adequately 
developed.  The  agglutination  and  complement-fixation  tests  are  not  of 
great  diagnositc  importance.  Allergy  tests  are  not  used  for  diagnosis. 

The  method  of  detection  of  cryptococcus  in  the  environment  is 
basically  the  same  as  that  for  yeast  fungi  of  the  genus  Candida. 

Very  useful  is  the  biological  method,  the  infection  of  white  mice 
with  test  material  with  subsequent  identification  of  pure  fungus  cul¬ 
tures,  isolated  from  the  focal  lesions  in  the  experimental  animals. 

The  method  of  soil  flotation  with  subsequent  inoculation  of  mice 
can  be  used  for  the  isolation  of  the  fungus  from  soils:  a  suspension  of 
soil  in  100  ml  physiological  salt  solution  is  made  up  in  glass  cylinders 
vith  constant  stirring  of  the  liquid  with  a  sterile  wooden  applicator. 
2-3  hours  later,  5-10  ml  of  this  suspension  is  sucked  off  from  the  top 
layer  of  the  liquid  with  a  pipette  and  1  ml  each  injected  into  mice, 
which  are  killed  in  the  4-bth  week  after  the  injection.  Pieces  of  liver 
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and  spleen  are  then  seeded  on  Saburo  medium;  the  cultures  in  the  posi¬ 
tive  specimens  grow  fairly  rapidly. 

Histoplasmosis 


Histoplasmosis  is  a  deep-seated  mycosis  mainly  of  the  reticulo¬ 
endothelial  system  of  humans  and  some  animals. 

The  pathogenic  agent  of  histoplasmosis  is  the  fungus  Hlstoplasma 
capsulatum,  which  has  been  described  in  two  forms,  a  tissue  and  a  cul¬ 
ture  form. 

The  tissue  is  monocellular,  fairly  small,  usually 
rarely  pyriform,  with  a  size  of  2-4  u  and  even  less.  T1 
nucleus  with  a  volume  which  is  nearly  half  that  of  the  cell  itself,  the 
membrane  and  capsule;  the  protoplasm  usually  sticks  to  the  cell  wall. 
Typical  for  the  tissue  form  is  the  intracellular  location  of  the  fungus 
in  the  macrophages,  giant  cells  in  the  reticulo-endothelial  system: 
spleen,  liver,  lymph  nodes  and  in  the  white  blood  cells. 

The  arrangement  of  the  chromatin  substance  in  the  form  of  a  cres¬ 
cent  with  slightly  enlarged  tips,  the  small  si 7",  the  location  in  the 
colls  and  color,  which  are  basically  the  same  as  with  leishmania,  is 


responsible  for  the  great  similarity  of  these  microorganisms. 


Fig.  147.  Colony  of  Histo- 
plasma  capsulatum  on  agar. 


Hlstoplasma  capsulatum  is  dimor¬ 
phous  in  cultures  and  is  found  in  the 
yeast  or  fibrous  form  (Fig.  147),  depend¬ 
ing  on  the  conditions  of  development. 

The  yeast  form  on  solid  media  grows  in 
the  form  of  fine,  round,  greasy- shining 
colonies  like  the  yeasts.  On  some  media, 
the  colonies  are  wrinkled  or  tuberous. 
When  such  colonies  are  examined  under 


the  microscope,  budding  yeast  cells  pre- 
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dominate,  which  are  arranged  in  chains  and  fibers  (pseudomycelium).  The 


Fig.  148.  Microscopic  pat¬ 
tern  of  the  Van  Bruisegera 
histoplasma  in  a  culture. 


cells  have  different  sizes:  the  maternal 

®  yeast-like  cell  has  a  diameter  of  2-4.5  p, 

the  bud  is  smaller,  1.5-2  p.;  it  remains 

connected  with  the  maternal  cell  for  a 
considerable  time  by  means  of  a  thin 
stalk.  The  yeast  form  resembles  the  tis¬ 
sue  form  of  the  fungus  parasite. 

The  cultures  with  fibrous,  mycelial 
form  are  velvety,  flocculent,  gray-brown 
with  a  dark,  sometimes  wrinkled  membrane. 
Fig.  148.  Microscopic  pat-  with  some  degree  of  penetration  into  the 

histoplasma  XVcuUufe?  the  dePth  of  the  nutrlent  ^strate.  On 

Czapek  medium,  the  colonies  are  downy.  On 

liquid  media  it  grows  in  the  form  of  a  velvety,  white  film  with  a  rock¬ 
etlike  thickening  of  some  cells.  The  mycelium  in  the  cultures  is  branch¬ 
ed,  partitioned  and  has  a  diameter  of  2-3 
p.  The  conldia  are  thick-walled,  smooth 
3.*'*?-  or  rough  (Figs.  148,  149). 

The  chlamidospores  are  lateral  or 

^  terminal;  their  shape  is  spherical  or  pir- 

*  iform,  the  surface  rough  or  tuberous,  the 

diameter  varies  from  7  to  33  p;  the  con¬ 
tents  are  usually  granular  (some  authors 
.  take  such  large  cells  as  asci,  others 

deny  this).  Histoplasma  capsulatum  grows 
.  well  on  solid  and  in  liquid  meat-peptone 

’  media  on  blood  agar,  on  vegetables,  far- 

,  inaceous  and  egg  media  and  on  the  synthet- 

ic  medium  of  Capek  with  carbohydrates; 
1^3  addition  of  thiamine  promotes  the  develop¬ 

ment  of  the  fungus.  It  develops  fairly 
Fig.  149.  Van  Bruisegem  well  on  Francis  medium:  veal  broth  100  ml, 

v  rabbit  or  horse  blood  80  ml,  peptone  10 

ml,  glucose  10  £,  sodium  chloride  5  g,  cystine  or  cystine  hydrochoride 
1  fi. 

The  mycelium  phase  appears  readily  and  develops  fairly  rapidly  at 
a  temperature  under  30°,  with  improved  aeration,  on  acid  media  (pH  = 
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Fig.  149.  Van  Bruisegem 
histoplasma  in  tissues. 
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-  6.5),  with  low  protein  content,  in  nutrient  media  with  low  moisture 
content  or  when  they  dry  out  and  during  the  aging  process  of  cultures. 
The  growth  of  the  primary  cultures  of  the  fungus  from  pathological 
material  can  be  observed  on  the  7-12th  day,  more  rarely  on  the  25th  day. 
Reinoculated  cultures  grow  more  quickly. 

The  pathogenic  agent  of  histoplasmosis  is  pathogenic  for  white 
mice  and  rats,  guinea  pigs,  dogs,  particularly  puppies  and  for  monkeys, 
infection  being  carried  out  with  either  the  yeast  or  the  mycelium  form 
of  the  fungus. 

Laboratory  diagnosis  of  histoplasmosis.  Discharges  from  ulcers, 
taken  from  under  their  edges,  pus,  sputum,  meningeal  fluid,  blood, 
puncture  specimens  from  bone  marrow,  spleen  and  liver,  contact  smears 
from  affected  organs,  urine,  and  more  rarely,  feces,  serve  as  test 
material. 

In  view  of  the  small  size  of  the  fungus,  which  is  normally  present 
in  phagocyte  cells,  the  microscopic  examination  of  unstained  prepara¬ 
tions  does  not  give  good  results.  The  preparations  are  stained  by  the 
ram,  Ziehl-Nielsen,  Giemsa,  Leishman,  etc. ,  methods. 

Small,  spherical,  budding  yeast-like  cells  are  visible  in  the 
stained  preparations.  They  appear  to  be  surrounded  by  a  bright  aureole ; 
their  central  part  is  much  darker.  The  fungi  are  situated  inside  the 
cytoplasm  jf  the  microphages  or  free  in  the  exudate.  Their  dimensions 
are  1-3  M-  in  diameter. 

Examination  by  culturing  has  considerable  advantages  over  the 
microscopic  method;  the  isolation  of  the  fungus  culture  attests  to  the 
presence  of  histoplasmosis  disease,  because  healthy  carriers  of  the 
fungus  have  not  been  detected.  To  make  culturing  more  successful,  anti¬ 
biotics  are  added  to  the  media;  to  avoid  drying  out  and  to  limit  the 
oxygen  supply,  the  test  tubes  should  be  sealed. 
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Blood  is  first  added  to  solutions  of  citrates  or  oxalates,  then 
spread  over  the  surface  of  agar  media  in  Petri  dishes.  5  ml  blood  can 
be  mixed  with  1  ml  sodium  citrate  (CgH^Na)  and  the  mixture  left  at 
room  temperature  for  2  weeks;  the  mycelium  appears  under  the  leucocyte 
layer  in  the  erythrocyte  precipitate.  The  procedure  with  oxalate  blood 
is  the  same. 

The  most  suitable  materials  for  inoculation  are  puncture  specimens 
from  bone  marrow,  spleen,  liver  and  also  bloodi  Blood  agar-agar  and 
Saburo  medium  with  glucose  are  best  for  obtaining  cultures.  The  patho- 

t 

logical  material  for  inoculation  should  be  used  when  completely  fresh, 
otherwise  the  cultures  do  not  grow. 

Sputum  which  may  contain  mold  spores  and  cells  of  Hlstolysma,  is 
injected  intraperitoneally  into  mice  which  are  killed  within  4  weeks; 
cultures  are  then  prepared  from  the  liver  a r.u  spleen  of  the  killed 
animals. 

Of  the  serological  reactions,  the  agglutination,  precipitation  and 
complement-fixation  test  is  used  in  histoplasmosis.  The  agglutination 
test  is  carried  out  with  serum  from  the  patient  and  a  suspension  of 
killed  yeast  cells.  Positive  reactions  in  the  patients  are  observed  at 
low  serum  dilutions,  1  :  40,  1  :  80,  rarely  higher;  their  diagnostic 
value  is  not  great. 

The  agglutination  of  histoplasmin,  adsorbed  on  colloidal  particles, 
has  been  proposed  in  recent  years. 

The  precipitins  appear  early  in  the  oisease,  during  the  2 -3rd  week, 
when  the  complement-fixation  test  is  still  negative.  The  precipitation 
test  is  carried  out  by  the  usual  method.  Histoplasmin  is  used  as  antigen. 
This  test  gives  more  exact  results  which  are  useful. in  the  early  stages 
of  the  disease. 

The  complement-fixation  test  is  considered  to  be  the  most  specific. 


It  is  positive  only  2  months  after  the  beginning  of  the  disease,  when 
the  precipitins  have  already  disappeared.  The  yeast  phase  of  the  fungus, 
triturated  cells  of  Hlstoplasma  capsulatum  or  histoplasmin  are  used  as 
antigens.  The  titers  of  the  positive  tests  are  sometimes  achieved  with 
serum  dilutions  of  1  s  123.  The  test  remains  positive  for  many  months. 

The  positive  allergic  histoplasmine  tests  appear  earlier  them  the 
serological  tests  (agglutination,  precipitation,  complement -fixing)  and 
remain  positive  in  the  cured  patients  for  many  years. 

Methods  of  detecting  H.  capsulatum  in  the  environment. 

1  mg  soil  is  placed  into  a  sterile  test  tube,  9  ml  physiological 
salt  solution  is  added  and  the  test  tube  shaken,  then  8000  YeD  each  of 
penicillin  and  streptomycin  per  1  ml  is  added.  1  ml  of  the  suspension 
is  injected  subcutaneously  into  each  of  seven  4-week  old  mice.  The  mice 
which  die  within  the  first  week,  are  not  counted  (histoplasmosis  is  not 
the  cause  of  their  death).  The  other  animals  are  killed  after  different 
intervals  and  cultures  made  from  their  liver  and  spleen.  The  percentage 
i  cultures  obtained  from  the  mice  which  are  killed  within  2-4  weeks, 

.s  96-98  (Larsh,  Hinton,  Furkulov). 

To  detech  H.  capsulatum  directly  in  the  soil,  mice  are  placed  for 
7  days  in  a  vessel  containing  the  soil,  from  which  it  is  desired  to 
isolate  the  histoplasmosis  organism.  The  mice  are  then  kept  for  4  weeks 
in  clean  jars  and  then  killed.  Cultures  are  made  from  the  liver,  spleen 
and  lungs  (Hinton,  Larsh  and  Silberg).  In  this  manner  it  has  been  pos¬ 
sible  to  detect  Hlstoplasma  capsulatum  in  many  soil  samples  from  endemic 

i' 

i 

areas  and  also  from  samples  which  had  been  artificially  contaminated. 
North  American  Blastomycocis 

The  North  American  blastomycosis  is  a  deepseated  chronic  disease 
which  is  encountered  in  two  forms,  cutaneous  and  visceral. 

North  American  blastomycosis  is  a  chronic  disease;  sometimes  it  is 
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difficult  to  diagnose,  particularly  with  the  cutaneous  form  of  the 
disease.  The  immunological  changes  consist  in  an  accumulation  of  agglu¬ 
tinins  and  complement-fixing  antibodies,  which  is  most  obvious  in  the 
generalized  and  active  forms  of  the  disease. 

A  specific  allergy  develops  in  North  American  blastomycosis,  which 
is  detectable  by  intradermal  injection  of  vaccine  from  the  yeast  phase 
of  the  fungus  or  of  blastomycin. 

Lung  infections  have  been  found  in  dogs  as  well  as  in  humans;  in¬ 
fection  of  humans  through  them  is  considered  a  distinct  possibility. 

The  pathogenic  agent  of  North  American  blastomycosis  is  Blastomy¬ 
ces  dermatidls.  A  peculiarity  of  the  fungus  is  its  dimophism.  In  the 
tissues  it  is  found  in  the  form  of  yeast-like  cells  and  in  cultures  in 
the  mycelium  and  yeast  form.  Blastomyces  dermatidis  in  tissues  has  the 
form  of  circular  and  elliptical  cells  with  a  diameter  of  8-10  u;  some¬ 
times  they  attain  20  u;  it  proliferates  by  budding,  producing  a  single 
bud.  Sometimes,  instead  of  forming  a  bud,  the  cell  is  stretched  and 
assumes  the  shape  of  a  bell  clapper.  The  dimorphism  of  the  fungus  in 
cultures  is  determined  by  the  culturing  conditions  and  the  composition 
of  the  nutrient  media  (Figs.  150,  151/  152). 

When  the  fungus  is  grown  at  37° »  it  develops  in  the  yeast  form;  on 
the  same  media  at  room  temperature  it  gives  mycelial  cultures.  The 
yeast  form  on  solid  media  gives  white,  shiny,  greasy-looking  circular 
colonies  with  creamlike  consistency  which  do  not  adhere  tightly  to  the 
nutrient  medium. 

When  the  colonies  mature,  they  become  striated  and  corrugated,  very 
similar  to  the  cultures  of  yeast  fungi.  Under  the  microscope  they  show 
almost  exclusively  round  budding  cells  of  different  sizes  (3-7  u);  in 
addition,  but  by  no  means  regularly,  elongated  budding  cells  with  a  size 
of  3  x  ts  u  are  found,  a  kind  of  suggestion  of  the  possibility  of  form- 


ing  a  mycelium  (Fig.  153)* 

The  mycelium  form  is  obtained  on  the  same  media  at  room  tempera¬ 
ture.  The  colonies  are  first  round  and  smooth,  and  yeast-like.  Later 
on,  they  are  covered,  first  with  a  white,  then  yellow-brown  light  down, 
with  short  coremias  which  give  the  culture  a  thorny  appearance.  Under 
the  microscope  such  cultures  show,  in  addition  to  the  round  budding 
yeast  cells,  a  profusion  of  long  and  short  partitioned  fibers  with 
numerous  lateral  conidia  with  round,  ovate,  sometimes  piriform  shape 
and  a  diameter  of  3-5  p.  In  old  cultures  one  finds  large  numbers  of 
chlamidospores  with  a  size  of  7-18  p.. 


Fig.  150.  Blastomyces  dermatidls.  A)  Culture  on  agar;  B)  microscopic 
appearance. 

The  mycelium  form  is  easily  transformed  into  the  yeast  form  when 
grown  at  37°  and  vice  versa.  The  more  acid  media  (pH  =  5. 5-6. 5)  favor 
the  mycelium  and  the  more  alkaline  media  (pH  =  7. 5-8. 5),  yeast  form; 
the  fibrous  form  predominates  in  liquid  media;  in  the  tissues  of  exper- 
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imentally  infected  animals,  conversely,  the  yeast  form  predominates. 

The  fungus  is  pathogenic  for  laboratory  animals  and  also  for 
monkeys  and  dogs.  When  mice  are  infected  intraperitoneally,  granuloma¬ 
tous  eruptions  are  seen  within  3  weeks  on  the  peritoneum,  nodes  in  the 
liver,  spleen,  lungs  and  lymph  nodes  and  the  fungu3  can  be  detected  by 
culturing  and  microscopically. 

Laboratory  diagnosis.  Pus,  scrapings  from  under  the  edges  of  ul¬ 
cers,  puncture  specimens  from  soft  subcutaneous  abscesses  and  lymph 
glands,  necrotic  material  and  biopsy  specimens  from  infection  foci, 
spinal  fluid,  sputum,  urine,  puncture  specimens  from  bone  marrow  or 
prostate  discharge  serve  as  test  materials. 

The  material  is  examined  under  the  microscope  unstained  in 


Fig.  Blastomyces  dermatldls  in  pus. 


drops  of  10#  caustic  heated  on  a  glass  slide  at  high  magnification.  The 
smears  are  stained  by  the  Romanovskiy-Giemsa,  Wright  and  Gram  method} 
the  microscopic  examination  of  the  stained  preparations  is  carried  out 
with  an  immersion  system. 

In  pathological  material  and  in  tissue  section,  the  fungus  appears 
in  the  form  of  fairly  large,  budding  cells,  surrounded  by  a  thick. 
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chitin-containing,  sort  of  double-contoured  membrane.  The  size  of  the 
cells  is  3  to  25  H,  but  the  most  frequent  size  is  8-15  M-.  The  buds,  as 
a  rule,  are  single,  attached  to  the  maternal  cell  by  a  wide  base.  Cells 
which  are  puffed  up  at  one  end  are  sometimes  found.  The  fungus  elements 
are  either  solitary  or  arranged  in  groups,  sometimes  in  the  form  of 
short  chains. 

The  cells  are  more  clearly  visible  in 
the  stained  preparations  with  the  immersion 
system;  their  color  varies  depending  on 
their  age;  they  are  gram-positively  stained, 
while  gram-negative  forms  are  only  rarely 
seen. 

The  tissue  forms  of  Bl.  dermatidis  dif¬ 
fer  greatly  from  those  of  other  deepseated 
mycoses. 

Thus,  they  differ  from  the  yeast  fungi  of  the  genus  Candida  by 
heir  circular  shape  and  the  absence  of  a  pseudomycelium;  from  Crypt o- 


Pig.  152.  Culture  of  Bl. 
braslliensis  on  agar. 


Fig.  153*  Microscopic  appearance  of  Bl.  brasiliensis  in  culture. 


coccus  neoformans  by  the  absence  of  the  broad  slimy  capsules;  from 
Blastomyces  brasiliensis  by  the  presence  of  a  single  bud  on  a  fairly 
wide  base  (in  Blastomyces  brasiliensis  the  budding  is  multiple)  from 
Hlstoplasma  capsulatum  by  the  large  dimensions  and  the  extracellular 
position;  from  Coccldioldes  immitis  by  the  absence  of  spherules  with 


1102  - 


endospores. 

)  For  obtaining  cultures,  blood  media,  Saburo  medium,  brewer’s  wort- 

agar,  or  sugared  meat-peptone  broth  are  used.  The  cultures  are  kept  in 
the  thermostat  and  at  room  temperature.  The  growth  appears  sometimes 
fairly  early,  on  the  3-4th  day;  sometimes,  however,  the  fungus  develops 
slowly,  a  noticeable  culture  being  visible  only  in  the  2nd  or  3rd  week. 

Rapid  growth  of  the  fungus  is  observed  on  media,  containing  5-10# 
fresh  animal  serum,  1#  starch, .1.5#  agar  at  pH  =  7.2-7. 3  and  growing  at 
a  temperature  of  35. 5° • 

By  intraperitoneal  inoculation  of  white  mice  with  pathological 
material  with  subsequent  inoculation  of  liquid  and  solid  media  with  a 
piece  of  granulating  growth  on  the  peritoneum,  pure  cultures  are  more 
easily  obtained. 

The  serological  diagnosis  is  achieved  by  means  of  agglutination 
and  complement-fixation  tests;  the  latter  gives  the  most  specific 
results. 

To  detect  Bl.  dermatidls  in  the  environment,  the  same  methods  are 
used  as  for  the  detection  of  the  yeast  fungi  of  the  genus  Candida.  The 
cultures  must  be  maintained  at  25-30°  to  detect  the  mycelium  and  at  37° 
to  detect  the  yeast  phase  of  the  fungus.  The  identification  of  the 
isolated  fungi  is  carried  out  by  the  usual  method. 

South  American  Blastomycosis 

The  South  American  blastomycosis  is  subdivided  into  several  clini¬ 
cal  forms:  1)  skin-mucosa  affections;  2)  lymphangoitic  type;  3)  vis¬ 
ceral  affections;  and  4)  mixed  forms  of  the  disease.  The  pathogenic 
agent  of  South  American  blastomycosis  is  the  fungus  Blastomyces  brasi- 
liensls.  Tissue  and  culture  forms  are  distinguished;  the  latter,  de¬ 
pending  on  the  growth  conditions,  are  subdivided  into  yeast-like  and 
mycelial  forms. 
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The  tissue  forms  of  the  fungus  have  the  appearance  of  large,  round 
yeast-like  cells  with  clearly  visible  thick  walls;  their  diameter  in 
various  stages  of  maturation  varies  from  10  to  30-60  p.  The  fungus  pro¬ 
liferates  by  budding  which  is  multiple  in  contradistinction  to  that  of 
Blastomyces  dermatidis.  The  buds  are  ovate  or  round  and  of  different 
sizes,  with  diameters  of  0.5  to  6-10  u«  The  fungus  grows  on  normal 
media  containing  carbohydrates,  on  blood  and  serum  agar,  on  glycerol 
carrots  and  also  on  synthetic  media  containing  carbohydrates  and  amino 
acids. 

In  cultures,  the  fungus  is  found  in  the  yeast-like  and  mycelial 
form.  The  yeast  form  is  obtained  by  growing  of  the  fungus  at  37 °,  the 
colonies  are  smooth  or  cerebriform,  similar  to  of  yeast  fungi  cultures. 
Under  the  microscope  they  appear  as  elliptical  or  circular  cells  of 
farily  large  size,  with  single  or  multiple  buds  and  without  them.  They 
are  very  similar  to  the  tissue  forms  of  the  fungus.  The  mycelium  form 
appears  when  the  fungus  is  grown  at  25°.  Month-old  cultures  are 
?'inkled,  covered  in  the  center  with  a  grayish- white,  later  yellow  down. 
Under  the  microscope,  a  branched  mycelium  and  oval  conidia,  sitting  on 
the  sides  of  the  mycelium  fibers  are  seen;  the  size  of  the  conidia  var¬ 
ies  within  the  limits  from  3  to  5-  5  M-  in  diameter;  clusters  of  round 
spores  are  found. 

The  viability  in  clutures  is  similar  to  that  of  Blastomyces  derma¬ 
tidis. 

Both  forms  of  the  fungus  are  pathogenic  for  guinea  pigs  and  white 
mice.  When  guinea  pigs  are  infected  in  the  testes,  orchitis  with  subse¬ 
quent  suppurating  softening  and  involvement  of  the  local  lymph  nodes 
develop.  White  mice  are  infected  intraperitoneally.  4-5  weeks  later, 
small  blastomycetic  nodes  develop  on  the  walls  of  the  peritoneal  cavity, 
<-n  the  n.esente rium,  the  diaphragm,  and  in  the  liver  and  spleen. 
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scrapings  from  the  infection  foci  on  the  skin  and  mucosa  and  biopsy  and 
autopsy  tissue  from  the  infection  foci  and  puncture  specimens  from  the 
spleen  serve  as  material  for  examination. 

When  the  pathological  material  is  examined  under  the  microscope  in 
unstained  preparations  (10#  caustic,  alcohol  and  glycerol),  single 
cells  with  thick  walls  and  buds  of  different  size  are  observed. 

The  pathological  material  is  used  to  Inoculate  sugared  meat  -  pep¬ 
tone  media,  Saburo  medium  and  blood  and  serum  agar.  Addition  of  anti¬ 
biotics  protects  the  cultures  against  bacterial  contamination.  The 
cultures  are  grown  at  room  temperature  and  at  37®.  Typical  cultures 
which  are  pathogenic  for  laboratory  animals,  confirm  the  nature  of  the 
disease. 

The  infection  of  animals  with  the  pathological  material  leads  to 
the  development  of  pathological  processes  within  4-5  weeks;  the  detec¬ 
tion  of  the  typical  fungus  forms  in  the  tissues  and  the  growing  of 
cultures  which  correspond  in  appearance  to  Blastomyces  braslllensls, 
are  valuable  aids  for  the  diagnosis  of  mycosis. 

Of  the  serological  tests,  the  complement-fixation  test  can  be  used 
but  its  positive  results  are  sometimes  of  a  collective  nature,  typical 
for  all  deepseated  mycoses.  The  allergy  tests  are  fairly  specific, 
particularly  with  allergens  from  the  tissue  forms  (pus  from  experiment¬ 
al  orchitis). 

For  determining  the  presence  of  Blastomyces  braslliensls  in  the 
ambient  medium,  in  objects  in  close  contact  with  the  patient,  basical  .y 
the  same  methods  are  used  as  for  the  detection  of  yeast  fungi  of  the 
genus  Candida.  The  cultures  are  grown  at  room  temperature  to  develop 
the  mycelium  form  and  at  37°  in  the  thermostat  for  the  yeast  phase  of 
the  fungus.  Th  identification  of  the  isolated  cultures  is  carried  out 
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by  the  usual  method. 

Coccidial  Mycosis 

Coccidlal  mycosis  occurs  in  two  forms:  a  primary  or  acute  and  a 
secondary  or  chronic  form. 

Die  primary  form  is  characterized  by  a  relatively  short  incubation 
period  (7-1^  days);  it  begins  with  indisposition,  headache,  symptoms  of 
a  slight  cough,  pharyngitis  and  a  feverish  condition.  Pains  are  noted 
in  the  knee  and  the  small  Joints.  Pulmonary  symtoms  are  often  observed, 
reminiscent  in  some  patients  of  tuberculosis.  The  primary  form  of  coc¬ 
cidial  mycosis  usually  lasts  2-3  weeks,  an  allergy  developing  in  76#  of 
cases,  whereas  in  the  others  this  appears  later;  different  antibodies 
can  be  detected. 

The  secondary  form  is  characterized  by  a  prolonged  and  severe 
course,  profound  disorders  of  the  affected  tissues  and  organs  with 
lysis  of  the  infection  focus,  formation  of  fistulas,  asthenia  and  dif¬ 
ferent  degrees  of  emacitation. 

The  pulmonary  lesions  are  marked,  the  infiltrations  of  these  or¬ 
gans  resembling  tuberculosis.  The  lymph  nodes  are  nearly  always  involv¬ 
ed:  the  mediastinal  and  regional  lymph  nodes.  The  lesions  of  the  bone 
tissue  are  highly  typical:  the  rib3,  clavicles,  seapulae,  vertebrae  and 
the  small  bones  of  the  hands  and  feet.  Lesions  of  the  meningae  and  the 
gastrointestinal  tract  have  been  described. 

The  skin  form  of  coccidinl  mycosis  appears  in  the  form  of  a  nodular 
infiltrate  which  often  becomes  necrotic,  forming  ulcers  with  papillomat¬ 
ous  growth.  The  skin  sometimes  hardens  as  with  sclerodermia,  and  the 
resemblance  is  all  the  more  striking  because  the  foci  can  retain  this 
clinical  pattern  for  long  periods  without  important  changes. 

During  this  morbid  process,  agglutinins,  precipitins,  and  comple¬ 
ment-fixing  antibod-es  are  formed.  The  most  obvious  specific  sensitiza- 
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tion  of  the  organism  is  the  allergy.  It  appears  fairly  early,  within 
3-4  weeks  of  the  infection  and  remains  noticeable  almost  for  life  but 
disappears  in  some  patients  with  profound  exhaustion  of  the  organism. 
The  allergy  which  occurs  in  cases  of  coccidial  mycosis  is  considered  to 
be  protective,  preventing  the  development  of  the  secondary  disease  and 
of  new  infections. 

Characteristic  chronic  forms,  similar  to  coccidial  granulema,  have 
been  detected  in  the  USSR  (A. N.  Araviyskiy);  their  pathogenic  agents 
differ  from  the  typical  Coccldioldes  lmnltls  by  their  morphological  and 
histological  attributes  and  their  low  pathogenicity. 

“Die  soil  in  endemic  areas  is  considered  to  be  the  source  of  the 
infection,  the  dust,  the  medium  through  which  the  fungus  is  spread. 
Cultures  of  Coccldioldes  immitis  have  been  obtained  from  the  soil  by 
several  authors  (Mayer,  Davis,  Smith,  Qnmons,  etc.). 

Small  rodents  are  the  natural  reservoir  of  the  coccidial  fungus. 

Spontaneous  cases  of  coccidial  mycosis  have  been  found  in  cattle, 
sheep,  pigs  and  also  cats  and  dogs.  Squirrels,  kangaroos  and  monkeys 
can  be  affected. 

The  pathogenic  age.it  of  coccidial  mycosis  is  Coccldioldes  immitis. 

The  fungus  displays  dimophisra,  occurring  in  two  forms,  the  tissue 
and  culture  form  (Fig.  154). 

In  the  infection  foci  of  animals  and 
humans  and  in  pathological  material  the 
fungus  has  the  form  of  spherules  with  a 
size  of  20-40  to  120  p  and  over  in  diamet¬ 
er. 

The  spherules  are  of  spherical  shape, 
their  wall  is  double-contoured,  with  a 
tnickness  of  2-3  p,  containing  large  num- 
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Fig.  154.  Colony  of  Coc- 
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tors  of  small  spores,  which  enter  the  tissues  when  the  walls  of  the 
mature  spherule  burst.  The  endospores  are  round  or  slightly  ovate,  their 
walls  are  thin,  hardly  visible,  and  they  contain  a  nucleus,  vacuoles 

and  granular  inclusions  (Pig.  155). 

During  the  process  of  successive  divi¬ 
sion  of  the  nucleus  and  protoplasm,  the 
endospores  are  transformed  into  young 
spherules,  which  grow  to  large  size,  with 
an  abundance  of  endospores  in  them  (Fig. 
156). 

On  Saburo  medium  the  young  colonies 
nave  a  yellow-cream  color,  the  consistency  of  soft  leather,  being  cover¬ 
ed  fairly  soon  with  an  initially  loose,  later  more  dense  short  aerial 
mycelium,  their  surface  becomes  velvety,  with  a  light-brown  shade  and 
during  the  maximum  spore  formation  of  the  aerial  mycelium,  the  colonies 
are  covered  with  a  downy  deposit. 

The  surface  of  the  colonies  is  frequently  even  or  slightly 
triated  by  shallow  furrows,  more  rarely  corrugated  or  craterlike.  The 
aerial  mycelium  does  not  always  cover  the  culture  with  a  dense  gason, 
sometimes  being  present  only  at  the  margins  or  in  foci  in  different 
areas  of  the  colonies. 

The  mycelium  with  intercalated  chlamidospores  predominates  in 
young  cultures  growing  on  dense  media.  The  old  cultures  are  rich  in 
chlamidospores,  arthrospores  and  patches  of  mycelium. 

When  the  coccidial  fungus  is  grown  in  the  thermostat  at  37°, 
smooth,  leathery  cultures  with  little  aerial  mycelium  develop.  Converse¬ 
ly,  at  room  temperature,  downy  and  powdery  cultures  with  copious  aerial 
sporophores  develop. 

The  fungus  is  aerobic  but  retains  its  viability  under  anaerobic 

« 
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Pig*  155*  Microscopic 
appearance  of  Coccl- 
dloides  lmmltls  In  a 
culture. 


conditions.  It  is  pathogenic  for  mice,  guinea  pigs  and  rabbits,  infect¬ 
ed  with  the  tissue  or  culture  forms,  particularly  with  intratesticular 
infection.  Mice  are  suitable  for  intraperitoneal  infection.  Of  the  cul¬ 
ture  forms,  the  arthrospores  are  particularly  pathogenic,  inhalation  of 
a  few  cells  being  sufficient  to  cause  infection. 

The  viability  of  coccidial  fungi  as  fairly  great:  they  can  with¬ 
stand  freezing  and  thawing,  prolonged  cold  storage  (110  days)  and  heat¬ 
ing  to  a  maximum  temperature  of  60-65°. 

Boiling  of  cultures  and  pathological  material  for  20  minutes  and 
djenching  with  a  2#  solution  of  bleaching  powder  or  10#  formalin  for  2- 


3  hours  kills  the  fungus. 


Fig.  156.  Coccldioides  iinmltis 
spherule  in  pus. 


Laboratory  diagnosis.  The  material  for  examination  is  pus,  sputum, 
blood,  spinal  fluid,  and  biopsy  tissue  from  the  infection  focus.  The 
microscopic  examination  is  carried  out  with  unstained  preparations,  in 
a  drop  of  10#  caustic,  a  mixture  of  alcohol  and  glycerol  or  in  Lugol 
solution  of  twice  the  normal  concentration.  The  microscopic  diagnostic 
is  based  on  the  spheruli  which  are  typical  for  the  coccidial  fungus. 
They  are  visible  at  low  and  high  magnification,  their  numbers  varying 
with  the  intensity  of  the  pathological  process  and  the  nature  of  the 
teot  rr.£.  i.iey  am.  spherules  with  regular  spherical  shape  of  dif- 
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fe rant  size  with  a  clearly  visible  membrane,  and  containing  endospores 
in  different  stages  of  maturity.  The  fungus  nature  of  the  spherules  is 
very  convincingly  demonstrated  by  the  germination  of  the  endospores  in 
physiological  salt  solution  on  glass  slides  within  a  period  of  8-12 
hours. 

With  the  usual  staining  methods  (Gram,  Ziehl-Nielsen,  Romanovskiy- 
Giemsa,  etc. )  the  spherules  are  weakly  stained,  sometimes  only  their 
outlines  being  visible. 

The  growing  of  a  culture  is  considered  to  be  the  most  valuable 
diagnostic  method.  Protein  media,  Saburo  medium,  meat-peptone  agar  or 
broth  with  glucose  (pH  of  the  medium  7«2-7.^)  are  most  suitable  for  ob¬ 
taining  cultures  of  coccidial  fungus.  The  growth  of  the  fungus  in  the 
primary  cultures  is  slow,  appearing  sometimes  within  a  period  of  3 
weeks  to  2  months. 

The  work  with  cultures  requires  the  observation  of  particularly 
strict  precautions  in  order  to  avoid  the  possibility  of  inhalation  in- 
ction.  Inoculations  are  carried  out  in  test  tubes;  Petri  dishes  can- 
yc  be  used  because  of  the  possibility  of  spores  being  dispersed  in  the 
air.  During  the  examination  of  cultures  in  test  tubes  care  must  be 
taken  to  avoid  dust  development  and  Inhalation  of  arthrospores.  Prior 
to  examination,  the  cultures  should  be  drenched  aseptically  with  ster¬ 
ile  physiological  salt  solution  and  the  culture  material  transferred  in 
a  drop  of  this  from  one  test  tube  to  another  (to  avoid  contamination  of 
the  air  with  spores).  Before  carrying  out  the  microscopic  examination, 
it  is  recommended  to  pour  10#  formalin  solution  over  the  culture, 
leaving  it  for  10-15  minutes  and  then  to  examine  it  only  under  a  cover 
.',2ass;  the  formalin  does  not  alter  the  morphological  structure  of  the 
fungus. 

To  obtain  pure  cultures  of  coccidial  fungus,  the  biological  method 
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of  infecting  first  male  guinea  pigs  or  mice  (intraperitoneally)  or 
chick  embryos  with  the  pathological  material  is  used.  Pure  cultures  of 
the  fungus  can  then  be  isolated  more  easily  from  infection  foci. 

The  serological  diagnosis  is  achieved  by  means  of  agglutination, 
precipitation  and  complement-fixation  tests. 

The  agglutination  test  is  preferably  carried  out  with  killed  sus¬ 
pensions  of  cultures;  the  precipitation  test  with  polysaccharide  anti¬ 
gens  and  the  complement-fixation  test  with  cocciiioidin  which  is  also 
suitable  for  the  precipitation  test. 

The  allergy  skin  tests  are  carried  out  with  coccidioidin  ir.  a 
dilution  of  Is  1000,  using  a  stronger  dilution  of  1  :  100  when  the  test 
is  negative.  The  reactions  are  observed  for  48  hours;  intense  reactions 
(erythema,  swelling,  papula  at  the  injection  site)  which  sometimes  last 
for  several  days,  attest  to  a  specific  sensitization  of  the  organism. 

Detection  of  coccldiosls  fungus  in  the  environment.  To  detect 
coccidiosis  fungus  in  air,  dust,  or  dry  wastes,  inhalation  infection  of 
mice  which  are  the  most  susceptible  animals  is  employed,  using  a  spe¬ 
cial  device  for  this  purpose. 

The  inhalation  device  consists  of  a  glass  cylinder  with  -  diameter 
of  5.5  cm  with  4-5  glass  tubes  with  a  diameter  of  3  cm  connected  to  it 
at  a  height  of  4  cm.  The  test  sample  of  soil,  dust,  dry  excrements,  hay, 
etc.,  is  spread  on  the  bottom  of  the  cylinder  and  the  mice  are  placed 
into  the  lateral  tubes  with  the  head  downwards  into  the  main  cylinder; 
all  the  openings,  those  of  the  main  cylinder  and  the  side  tubes  are 
sealed  with  cottonwool  plugs. 

Ihe  mice,  being  unable  to  turn  their  heads  sideways  in  the  test 
tu  .  are  compelled  to  Inhale  the  dustladen  air  for  several  hours. 

After  this,  the  mice  are  returned  to  their  usual  cages;  after  different 
intervuj.;  ,  they  are  killed  and  the  foci  of  infection  in  the  different 
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organs  subjected  to  mycological  examination  (microscopy,  culturing, 
passages  through  mice). 

To  isolate  the  coccidiosis  fungus  from  soil,  1  £  of  the  test  mater¬ 
ial  is  suspended  in  9  ml  of  physiological  salt  solution  and  shaken 
energetically.  Dilutions  of  1  ;  100  and  1  :  500  are  then  prepared  and 
0.5  ml  of  the  liquid  seeded  into  each  of  2  identical  Petri  dishes  with 
solid  nutrient  medium.  The  cultures  are  kept  at  room  temperature  (18- 
20°)  for  10-12  days;  the  suspected  colonies  are  seeded  on  solid  media 
(Saburo)  in  test  tubes  to  obtain  a  pure  culture  for  the  further  identi¬ 
fication  of  the  fungus  and  for  determining  its  pathogenicity  on  mice. 
Sporotrichosis 

Several  types  of  sporotrichosis  lesions  are  known  in  which  the 
lymph  glands,  the  skin,  mucosa,  the  bone  system  and  the  internal  organs 
are  involved.  As  a  rule,  these  lesions  are  of  a  severe  nature,  which 
are  accompanied  by  various  general  symptoms  and  are  manifested  in  a 
different  degree  in  different  individuals. 

The  sporotrichoses  are  subdivided  into  primary,  focal  and  second- 
. ..y  infections.  Lesions  of  the  lymph  nodes  are  the  most  frequently 
occurring  form  of  sporotrichosis.  The  visceral  forms  of  sporotrichosis, 
according  to  Conant,  are  rarely  encountered.  Pyelonephritis,  orchitis 
and  epididymis  is  observed. 

The  pathogenic  agents  of  sporotrichosis  belong  to  the  thread  fungi, 
the  hyphomycetes.  They  do  not  have  complete  fruiting  organs,  the  sexual 
process  being  absent  in  them. 

Sporotrichum  is  dimorphous.  In  the  pathological  material  they  are 
found  in  the  form  of  yeast-like,  iound,  -spindle-  or  clubshaped  forma¬ 
tions  and  sometimes  in  the  form  of  yeast-like  budding  cells  with  a 
diameter  of  1-2  to  6-8  p.  (Fig.  157).  The  tissue  forms  of  sporotrichum- 
particularly  the  spindleshaped  ones,  are  spindle  shapes  which  appear  in 
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the  stained  preparations  (Gram,  Leishman,  etc. }  surrounded  by  a  bright 
ring  of  slime. 

Sporotrlchum  Is  aerobic,  grows  well  on  normal  nutrient  media,  on 
various  vegetables,  particularly  when  they  have  previously  been  treated 
with  an  aqueous  solution  of  glycerol  (4#),  peptone  (1#),  glucose  (3#)# 
tartaric  acid  (0.1#)  (100  ml). 

Of  carbohydrates,  sporotrlchum  can  assimilate  various  organic 
acids,  di-  and  monosaccharides,  polyhydric  alcohols  and  some  decompose 
starch.  Normally  they  do  not  coagulate  milk  and  do  not  liquify  gelatin. 


Fig.  157.  Sporotrlchum  in  pus. 


The  resistance  of  sporotrlchum  to  the  action  of  physicochemical 
factors  and  disinfectants  differs  little  from  that  of  other  pathogenic 
fungi  (yeast-like,  dermatophytes);  boiling  kills  them  fairly  quickly 
in  cultures  and  in  pathological  material. 

Hie  antigen  properties  of  different  sporotrlchum  species  and  their 
relationships  have  not  yet  been  adequately  investigated.  When  animals 
are  immunized  with  killed  cultures  of  the  yeast-like  and  mycelium  phase 
of  sporotrlchum,  agglutinins,  precipitlns  and  complement-fixing  anti¬ 
bodies  are  formed. 

Sporotrlchum  grows  well  at  37®  in  the  media  normally  used  for 
pathogenic  fungi  (pH  =  6.5).  Different  strains  begin  to  grow  at  differ¬ 
ent  times,  usually  on  the  4-6th  day  after  inoculation.  Mature  cultures 
develop  w shir.  i0-2-j  days.  They  are  fairly  large,  sometimes  covering 


the  entire  surface  of  the  nutrient  medium  in  the  test  tube  or  flask. 

White,  grayish  yellow,  brown  and  black  colonies  are  found,  some¬ 
times  with  a  greenish  or  rusty  shade.  The  color  of  the  colonies  is  a 
farily  constant  attribute  of  some  species  of  sporotrichum.  The  surface 
of  the  colonies  is  velvety- fluffy  or  powdery,  more  rarely,  downy  cul¬ 
tures  are  found.  Sporotrichum  has  a  branched,  partitioned  mycelium 
whose  diameter  varies  from  1-2  to  6-8  p  and  over.  The  conidia  of  sporo¬ 
trichum  also  varies  in  size,  their  length  being  2  to  6-8  p,  the  width 
1. 5-3  p.  Elliptical,  circular,  piriform,  rodshaped  and  fusiform  cells. , 
arranged  at  the  sides  of  the  mycelium  or  in  clusters  of  3-5-10  spores 
on  the  tip  or  along  the  sides  of.  the  mycelium,  are  found.  In  mature 
cultures  of  sporotrichum,  one  encounters  intercalated  chlamidospores 
with  clearly  visible  membrane  and  granular  contents.  Mice  and  rats  and, 
loss  often,  guinea  pigs  and  monkeys  are  used  for  experimental  infection 
with  sporotrichum. 

The  most  frequently  occurring  pathogenic  agents  of  sporotrichosis 

•a  • 

-  -  —  • 

1.  Sporotrichum  (Rhlnocladlum)  Gougeroti.  The  young  cultures  on 
Saburo  medium  are  black,  strongly  striated,  convex,  shiny  and  yeast¬ 
like.  When  they  grow  older  they  lose  their  glossiness  along  the  margins 
appear  spots  of  gray  down,  which  covers  the  entire  colony  densely  in  oi : 
cultures.  In  subcultures,  the  young  cultures  are  black,  shiny  and  yeast- 
like,  the  old  ones  dark-gray  and  downy.  Ovate  and  elongated  cells  pre¬ 
dominate  in  the  cultures  of  the  yeast  phase  with  a  size  of  1-2  x  4-8  p, 
round  cells  with  a  size  of  3*5-4  *  4-7  p,  which  are  budding  and  some¬ 
times  connected  with  each  other  by  a  lorg  cell  (Fig.  158)  are  also  seen. 
Fibers  with  a  diameter  of  2-2.5  p  with  numerous  oblong  spores  2-2.5  x 
7.5  P  predominate  in  the  downy  colonies,  which  are  solitary  or  collected 
into  racemose  clusters  situated  on  short  side  growths  of  the  aerial 
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mycelium. 

2.  Sporotrlchum  (Rhlnocladium)  Schenkl-Beurmannl.  On  Saburo  medium 
the  colonies  are  elevated,  dull,  pale  yellow;  later  on  they  become 


Pig.  158.  Microscopic  appearance 
of  Sp.  Schenleinii  in  culture. 


wrinkled,  cerebriform,  slightly  downy,  with  chocolate-brovm  color.  Or. 
broth  it  forms  a  wrinkled  film.  On  gelatin,  the  type  Schenk  grows  well, 
while  the  type  Beurmann  does  not  grow.  The  type  Schenk  ferments  lactose, 
the  type  Beurmann  does  not  ferment  it. 

A  branched,  colorless  mycelium  with  a  diameter  of  2  n  is  seen 
under  the  microscope.  The  spores  are  ovate,  brown,  3-5  *  2-4  p,  on  thin 
sterigmas,  mainly  at  the  tips  of  the  fibers.  The  cultures  are  pathogen¬ 
ic  for  laboratory  animals. 

3.  Sporotrlchum  (Rhlnocladium)  Jeanselmei.  The  colonies  are  ini¬ 
tially  white,  later  brown,  smooth,  sometimes  downy.  On  broth  it  forms  a 
white  film.  On  potato,  a  white  or  dark  deposit  with  powdery  fluff.  Un¬ 
der  the  microscope,  a  branched  mycelium  with  a  diameter  of  2-2.3  p, 
c/al  spores  with  a  si ze  of  3-4  x  2-3  p  on  sterigmas  are  grouped  around 
the  tips  of  the  mycelium.  The  cultures  are  pathogenic  for  white  mice. 

Laboratory  diagnosis.  Examination  is  carried  out  on  pus  from  fistu¬ 
las  arid  uloi-rous  lusic.n::,  scrapings  from  under  the  edges  and  the  base 
of  ulcers,  pur  lure  spe  ;ii.v  ns  from  occluded  nodules,  biopsy  tissue  and 


autopsy  material  from  focal  lesions. 

The  examination  of  unstained  preparations  in  10#  caustic  or  alco¬ 
hol  and  glycerol  is  not  always  successful  and  only  the  presence  of  the 
mycelium  forms  of  the  fungus  and  the  characteristic  conidia  is  suffi¬ 
cient  grounds  for  suspecting  the  presence  of  sporotrichum. 

The  fungi  are  much  easier  to  detect  in  gram- stained  smears.  Most 
often  the  fungus  appears  in  the  form  of  small  conidia  with  a  size  of 
2-6  u,  which  have  distended  centers  and  acuminate  tips.  They  are  gram- 
stained  with  a  pinkish-violet  color,  covered  with  a  thin  layer  of  slime 
and  situated  within  giant  cells  and  polynuclear  cells. 

The  mycelium  is  stained  a  pinkish-violet;  the  pigmented  strains 
are  more  difficult  to  stain. 

The  pathological  material  from  exposed  surface  lesions  should 
first  be  treated  with  aatibiotics.  Blood  agar,  Saburo  medium,  brewer's 
wort-agar,  glycerol  meat  —  peptone  agar,  carrots  with  glycerol  and 
ta.taric  acid  are  inoculated.  The  growing  of  the  culture  is  carried  out 
room  temperature  (20-25°)  and  in  the  thermostat  at  37°. 

Intraperitoneal  or  subcutaneous  injection  of  the  pathological 
aterial  causes  inflammation  of  the  peritoneum  and  produces  orchitis. 
The  typical  cigar-shaped  cells  of  the  fungus  are  found  in  large  numbers 
inside  and  outside  of  the  phagocyte  cells.  They  are  also  clearly  visi¬ 
ble  in  the  gram-stained  preparations.  The  fungus  is  found  inside  and 
outside  of  cells. 

Of  the  serological  tests,  the  agglutination  and  complement-fixa¬ 
tion  test  with  serum  from  patients  and  sporotrichum  antigen  are  used 
f^r  diagnosis.  The  value  of  the  serological  tests  in  sporotrichosis  has 
not  yet  been  adequately  evaluated.  The  quality  of  the  antigens  is  vari¬ 
able;  standard  preparations  are  not  available. 

The  positive  skin  allergy  tests  do  not  have  any  diagnostic  import- 
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ance.  The  detection  of  sporotrichum  in  the  environment  (soil,  plants, 
air,  etc. )  is  achieved  by  inoculation  of  solid  media  containing  anti¬ 
biotics  and  subsequent  identification  and  verification  of  the  pathogen¬ 
icity  of  the  isolated  cultures. 
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ACTINOMYCOSES 

P. N.  Kashkin,  Professor,  Honored  Worker  in  Science 

The  actinomycoses  are  caused  by  ray  fungi,  the  actinomycetes 
(Actinomyces). 

Actinomycosis  effects  all  tissues  and  organs;  its  primary  forms 
are  usually  connected  with  lesions  of  the  subcutaneous  tissue,  the  oral 
mucosa  and,  more  rarely,  the  lungs,  pleura  and  intestine. 

Morphology  of  the  actinomycetes 

All  actinomycetes  have  a  true,  branched  mycelium,  growing  in  the 
substrate  or  aerial,  most  of  them  with  fruiting  branches  and  spores  in 
the  aerial  parts  of  the  colonies. 

The  fibers  of  the  mycelium  are  straight  or  undulatory,  with  a 
ength  of  50  to  600  p  and  a  diameter  of  0.2  to  1-2  p.  Transverse  parti- 
ions  are  normally  not  observed  in  actinomyces;  in  contrast  to  the 
threadlike  fungi,  the  mycelium  is  not  partitioned. 

The  mycelium  of  actinomyces  is  branched,  the  branches  developing 
from  a  small  bud  which  is  gradually  drawn  out  into  a  rod  and  then  a 
thin  thread  with  side  branches. 

The  proliferation  of  the  actinomyces  is  achieved  by  spores,  decom¬ 
position  of  the  mycelium  and  budding. 

Biology  of  actinomyces;  culturing  characteristics 

The  culture  characteristics  of  actinomyces  are  very  diverse.  This 
diversity  concerns  the  sizes  and  shapes  of  the  colonies,  their  relation 
with  the  nutrient  substrate  and  particularly  the  coloring  of  the 
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colonies 


The  young  colonies  are  thinner,  flat  and  circular,  and  can  often 
be  lifted  off  completely  from  the  surface  of  the  medium  with  a  loop  or 
scoop.  The  mature  colonies  are  smooth  or  striated,  wrinkled  or  tuberous, 
with  a  soft,  waxy  or  mealy  consistency;  they  are  more  tightly  connected 
with  the  nutrient  medium  by  their  long  or  short  dense  or  loose  out¬ 
growths.  Actinomyces  colonies  attain  a  size  of  1-1.5  mm. The  surface  of 
the  colonies  varies;  in  some,  it  is  smooth,  in  others  velvety,  downy 
or  powdery.  The  latter  is  connected  with  the  formation  of  the  aerial 
mycelium  and  the  spores.  The  pigmentation  of  the  colonies  is  a  highly 
typical  characteristic  which  can  be  used  for  differentiating  the  acti- 
nomycetes.  Dark  and  light-violet,  blue,  purple,  red,  orange,  yellow, 
green,  brown,  black,  gray  and  white  colonies  with  different  shades  are 
encountered. 

The  microorganisms  of  the  class  actinomyces  use  different  mineral 
and  organic  substances  containing  nitrogen  and  carbon.  The  actinomyces 
are  divided  on  the  basis  of  the  type  of  respiration  into  aerobic  and, 
anaerobic. 

The  actinomycetes  are  pathogenic  for  animals,  humans  and  plants. 

S. F.  Dimitriyev,  on  the  basis  of  his  comprehensive  observations, 
described  the  following  species  of  pathogenic  actinomycetes. 

1.  Actinomyces  albus  with  several  variants,  formed  as  a  result  of 
lysis  processes.  According  to  N. A.  Krasil'nikov,  this  species  is  the 
most  widespread  and  has  the  greatest  number  of  subspecies.  The  mycelium 
is  thin,  straight,  rarely  branched;  the  sporangia  are  helical,  single 
or  in  clusters;  the  helices  have  5-7  turns,  the  spores  are  spherical. 

They  are  efficient  in  assimilating  organic  and  inorganic  nitrogen  com¬ 
pounds.  They  do  not  form  pigments. 

The  colonies  are  white  or  even  snowy  white,  smooth,  wrinkled  or 
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tuberous  with  cartilaginous  consistency,  clinging  to  the  substrate.  The 
aerial  mycelium  is  downy  or  powdery,  forming  a  dense  or  patchy  cover  on 
the  colonies. 

2.  Actinomyces  violaceus  with  violet  and  pink  variants.  The  mycel¬ 
ium  grows  in  the  substrate,  is  not  partitioned,  slightly  curved,  branch¬ 
ing  is  rare,  in  old  cultures  it  is  decomposed  into  fragments  of  differ¬ 
ent  length  and  a  granular  mass.  The  aerial  mycelium  is  short  and  does 
not  develop  on  all  media.  The  sporangia  are  helical  with  2-3  wide, 
counterclockwise  turns.  The  spores  are  spherical  or  elliptical  and  are 
formed  by  f ragmentation. 

The  young  colonies  are  reddish  in  color,  later  on  turning  blue- 
violet  or  purple.  The  pigment  is  excreted  into  the  medium  which  assumes 
the  corresponding  color.  The  aerial  mycelium  is  developed  to  a  differ¬ 
ent  degree  depending  on  the  strain  and  is  absent  in  some.  It  liquifies 
gelatin  slowly,  does  not  coagulate  milk,  inverst  saccharose  rapidly, 
reduces  nitrates  to  nitrite  and  has  an  antogonistic  activity  to  many 
ungi  (h.A.  Krasil'nikov). 

3.  Actinomyces  madurae  Vincent  (Berestnev,  1897).  The  threads  of 
the  mycelium  are  thin  (0.4-0. 5  n)»  decomposing  in  old  cultures  into 
fragments  of  different  length.  The  sporangia  are  usually  straight,  long, 
helical;  the  spores  are  cylindrical,  elongated  or  elliptical.  The 
colonies  are  red,  pink  or  red-brown,  wrinkled  or  tuberous,  bare  or  cov¬ 
ered  with  a  pinkish- white  aerial  mycelium.  It  grows  well  on  the  usual 
media  and  on  decoctions  of  straw  or  hay.  It  liquifies  gelatin  slowly, 
does  not  invert  saccharose,  does  not  curdle  milk,  forms  ammonia.  It  is 
aerobic. 

4.  Proactinomyces  Israeli  (Kruse)  (N. A.  Krasil'nikov,  1941). 
Threadlike  branched  mycelium,  decomposing  fairly  soon  into  rodshaped 
culls  with  different  length  —  3-10  x  0.6  (ij  short  rods  and  cocci,  bul- 
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bous  and  spherically  inflated  cello  are  encountered;  it  does  not  form 
spores.  The  cells  are  gram-positive  and  not  acid-resistant. 

The  colonies  have  a  viscous  consistency,  are  colorless,  smooth  or 
slightly  tuberous.  It  does  not  peptize  milk,  does  not  liquify  gelatin, 
ferments  glucose  and  lactose  only  weakly.  Conditionally  aerobic. 
LABORATORY  DIAGNOSIS  OF  ACTINOMYCOSIS 
Material  for  Examination 

The  pus  from  fistulas  in  various  tissues  and  organs,  sputum,  urine, 
puncture  specimens  of  softened  infiltrations,  spinal  fluid,  and  more 
ra.*ely,  biopsy  tissues  and  pieces  from  the  focal  lesions  of  cadavers 
are  examined.  Typical  for  actinomycosis  is  the  presence  of  nodules, 
whose  examination  makes  possible  a  correct  laboratory  diagnosis  of 
actinomycosis. 

Microscopic  examination 

Suspected  clumps  from  the  pathological  material  are  transferred  to 
an  object  glass  in  a  drop  of  caustic  (10-2056),  slightly  warmed,  then 
covered  with  an  object  glass  and  examined  under  the  microscope.  Stone- 
like  lumps,  which  crunch  under  pressure  like  sand,  are  very  character¬ 
istic  for  actinomycosis. 

Raylike  formations  with  a  dense,  homogeneous  center,  surrounded  by 
numerous  raylike  growths  are  usually  seen  under  the  microscope  at  low 
magnification.  At  high  magnification  of  the  microscope,  the  structure 
of  the  nodes  is  seen  more  clearly:  in  their  center  there  is  a  matted 
accumulation  of  thin  (1-3  u)  mycelium,  along  the  periphery  there  are 
strongly  striated  club  shapes  with  thin  fibers  or  chains  consisting  of 
elongated  fragments.  Chains  consisting  of  spores,  fragments  of  threads 
and  spores  without  clubs  and  nodes  are  found  in  pathological  material. 

The  methods  of  Gram,  Ziehl-Nielsen,  etc.,  are  used  for  the  stain¬ 
ing  of  actinonyces  in  pathological  material.  The  actinomyees  threads 
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are  usually  gram-positive,  more  rarely,  pinkish- violet.  The  spores  of 
the  actinomycetes  are  stained  more  intensely,  becoming  pink,  the  mature 
spores  being  stained  with  difficulty  and  the  largest  of  them  are  nearly 
always  washed  off  from  the  object  glass  during  the  repeated  rinsing  of 
the  preparations.  Granules  and  nodules  are  not  always  detected  in  the 
gram-  or  Ziehl-Nielsen  stained  smears. 

In  the  smears,  stained  by  the  method  of  Ziehl-Nielsen,  the  actino- 
myces  threads  are  acidophilic,  blue  and  the  spores  pink.  Entirely  acid- 
resistant  strains  of  actinomycetes  with  red  threads  are  sometimes  found. 

The  nodules  cannot  always  be  detected  in  actinomyces  lesions.  Fur¬ 
thermore,  they  do  not  develop  in  all  stages  of  the  disease  and  are  not 
typical  for  every  subspecies  of  the  ray  fungus. 

Nodules  are  not  always  found  in  the  early  stages  of  the  disease 
and  in  acute  forms  with  abscesses;  very  valuable  for  diagnosis  is  the 
detection  of  a  thin,  unpartitioned,  branched  mycelium.  Gram-stained 
threads  a^e  dark-violet  and  clearly  visible. 

Isolation  of  cultures 

The  following  is  essential  if  actinomyces  cultures  are  to  be  iso¬ 
lated  successfully:  1)  aseptic  sampling  of  pathological  material,  pre¬ 
ferably  from  deepseated  and  hidden  focal  lesions;  2)  centrifuging  of 
pus,  urine,  sputum  in  antibiotic  solutions  (100-200  YeD  in  1  ml);  3) 
washing  of  the  precipitate  with  physiological  salt  solution. 

Blood  and  serum  meat-peptone  agar,  glycerol  agar  and  broth  and  Sa- 
buro  and  Czapek  medium  are  Inoculated  with  the  pathological  material. 

Hie  cultures  should  be  grown  under  aerobic  as  well  as  anaerobic  condi¬ 
tions. 

To  obtain  anaerobic  actinomycetes  cultures,  the  washed  clumps  of 
pus,  sputum  and  nodules  are  seeded  into  6-7  cm  high  columns  of  melted  1 
and  2*  sugar  agar  at  a  temperature  of  the  medium  of  ^5°.  The  culture 
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material  is  introduced  in  layers:  close  to  the  bottom  of  the  test  tube, 
in  the  middle  and  on  the  surface  of  the  column  and  the  medium  then 
sealed  with  a  1-2  cm  high  layer  of  sterile  vaseline  oil  or  paraffin  oil; 
growing  is  carried  out  at  37°.  The  growth  appears  within  1-2  weeks;  the 
colonies  are  irregularly  striated,  polyhedral,  sometimes  coarsely 
granular  with  pale-yellow  color. 

Infection  of  animals  with  pathological  materials  and  cultures  is  by 
no  means  always  successful.  A  generally  valid  model  of  the  actinomycet- 
ic  process  with  nodules  in  laboratory  animals  has  not  yet  been  obtained. 
Serological  examination  1  1 

The  complement-fixation  test  gives  the  least  ambiguous  results; 
polyvalent  actinolysate  is  used  as  antigen.  Hie  percentage  of  positive 
results  in  cases  of  actinomycoses  is  80. 

Nutrient  Media  for  Fungi 

Selective  (experimental)  Saburo  medium:  4  £  maltose  (glucose),  1  £ 
peptone;  1.8  £  agar-agar;  100  ml  distilled  water.  18  £  finely  cut  agar 
is  placed  into  the  flask,  1000  ml  distilled  water  added  and  left  to 
stand  for  30  minutes  to  let  the  agar  swell;  40  £  maltose  or  glucose  and 

10  £  peptone  are  added,  and  the  whole  boiled  for  3°  minutes.  Hie  medium 

I 

is  filtered  through  paper,  then  poured  into  sterile  flasks  and  test 
tubes  and  sterilized  at  110°  for  15  minutes.  Saburo  medium  i.',  a  good 
medium  in  which  the  fungus  colonies  develop  in  the  most  typical  and 
luxurious  manner. 

Saburo  peptone  agar.  3  £  peptone,  1. 8  £  agar-agar,  100  ml  water; 
boiling  for  30  minutes.  The  hot  mixture  is  filtered  through  several 
layers  of  cotton  wool  and  gauze  or  (preferably)  paper,  filled  into  tent 
tubes  and  flasks  and  sterilized  at  120°  for  30  minutes.  This  medium 
with  high  peptune  content  is  recommended  mainly  for  growing  Achorlon 
ScnBnlei.nl,  which  forms  typical  and  well  developed  colonies  on  it. 
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Saburo  medium  "for  preservation  of  dermatophytes”:  1  £  of  peptone, 
1.8  £  agar-agar,  100  ml  water.  Sterilized  at  1208  for  30  minutes.  Being 
free  of  carbohydrates  and  having  a  low  peptone  concentration,  it  de¬ 
serves  special  attention  because  pleomorphic  alterations  occur  much 
more  rarely  in  this  medium  and  when  they  are  encountered,  the  pleomor- 
phous  down  spreads  more  slowly. 

Brewing  wort -agar:  1000  ml  brewing  wort,  18  £  agar-agar.  Brewing 
wort  from  the  brewery  is  diluted  with  distilled  water  to  7#  carbohydrate 
content  according  to  Balling,  1.5#  agar  in  the  summer  and  1.8#  agar  in 
the  winter  is  added,  sterilized  in  the  autoclave  at  110°  for  10  minutes, 
filtered  through  gauze  and  cotton  wool  in  the  autoclave,  filled  into  a 
sterile  container  and  again  sterilized  at  this  temperature.  This  nu¬ 
trient  medium  is  very  cheap  and  easily  obtainable.  It  is  entirely  suit¬ 
able  for  culturing  fungi:  their  growth  begins  fairly  early  and  the 
colonies  are  luxuriant  and  typical. 

Brewer's  wort  is  a  complete  substitute  for  Saburo  medium  for  ob- 
\ining  cultures  as  well  as  for  studying  the  morphological  peculiari- 
ies  of  the  dermatophytes. 

Media  from  animal  and  human  organs:  pieces  of  organs  (liver, 
spleen,  brain  tissue,  kidneys,  etc.  )  taken  from  freshly  killed  healthy 
animals,  are  passed  through  a  meat  grinder  or  ground  in  a  mortar  and 
weighed.  To  one  part  ground  organ  tissue,  2  parts  water  are  added, 
passed  through  a  sieve  and  boiled  2  hours  in  a  Koch  apparatus  (100°). 

The  next  day,  2#  agar-agar,  is  added,  the  mixture  boiled  30  minutes, 
filtered  through  gauze  and  cotton  wool,  filled  into  test  tubes  and 
sterilized  for  20  minutes  at  110°. 

Carrot-potato  agar  (according  to  Langeron):  200  £  carrots,  200  £ 
potatos,  18  £  agar-agar  and  1000  ml  water.  The  carefully  washed  carrots 
and  the  properly  cleaned  potatos  are  passed  through  a  meat  grinder,  al- 
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lowed  to  soak  in  water  for  an  hour  and  then  boiled  for  10  minutes,  then 
filtered  through  cotton  wool,  the  agar-agar  added  and  again  boiled  for 
30  minutes.  The  medium  is  filtered  through  gauze  and  cotton  wool,  fill¬ 
ed  into  test  tubes  and  flasks  and  sterilized  for  15  minutes  at  115°. 

Blood  meat-peptone  agar,  a  meat-peptone  broth  with  3#  agar.  To  2 
parts  agar,  melted  at  100°  and  cooled  to  45®,  one  part  of  aseptically 
taken  defibrinated  blood  of  humans  or  laboratory  animals  is  added;  the 
blood  agar  is  filled  into  Petri  dishes  or  chilled  in  a  slanting  posi¬ 
tion  in  test  tubes.  The  faviform  dermatophytes  grow  well  on  blood  media. 

Hairs,  shavings  of  horn,  birds  feathers,  animal  bones,  liver, 
spleen,  brain  tissue,  horse  manure,  etc.,  are  used  as  natural  media  of 
animal  origin.  They  are  usually  placed  on  a  piece  of  cotton  wool,  which 
has  been  soaked  in  physiological  salt  solution  or  water;  sterilized  at 
110°  for  15  minutes  (twice)  or  at  120°  for  20  minutes. 

Vegetables  with  high  carbohydrate  content,  particularly  acid  ones, 
are  very  suitable  for  the  culturing  of  dermatophytes. 

Carrots,  more  rarely  turnips,  beets,  potato  and  fruits  with  the 
skin  peeled,  are  cut  into  4x1,  5  x  2  cm  pieces,  soaked  for  4-10  hours 
in  a  solution  of  glycerol  and  tartaric  acid  (40  g  glycerol,  2  g  tartar¬ 
ic  acid,  1000  ml  distilled  water),  then  a  plug  of  cotton  wool  with  a 
size  of  1.4-2  cm  is  placed  on  the  bottom  of  a  test  tube  and  the  liquid 
in  which  the  carrots  have  been  soaked,  run  in  until  the  whole  cotton 
wool  is  completely  soaked  with  the  solution.  The  media  are  sterilized 
at  110°  for  15  minutes  and  tested  for  sterility  in  the  thermostat  for 
1-2  days. 

The  following  liquid  nutrient  media  are  used. 

Sugar  broth:  100  g  meat-peptone  broth,  1-2  g  maltose  (glucose).  To 
500  g  finely  ground  meat  without  fat  or  tendons,  1000  ml  water  is  added 
and  left  to  soak  for  10-12  hours  in  the  cold,  then  the  meat  is  pressed 
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out  through  a  piece  of  flannel  and  1 %  peptone  and  0. 5$  sodium  chloride 
added  to  the  liquid;  the  mixture  is  kept  at  120°  for  15-20  minutes, 
cooled,  filtered  through  a  paper  and  1#  carbohydrate  added  to  the  slight 
ly  heated  filtrate;  it  is  then  filled  into  sterile  flasks  and  test  tubes 
and  sterilized  for  10  minutes  at  110°. 

Brewing  wort:  brewing  wort,  7#  according  to  Balling,  is  boiled  for 
30  minutes,  cooled,  filtered  through  paper,  filled  into  a  sterile  con¬ 
tainer  and  sterilized  at  110°  for  10  minutes. 

Czapek-Dox  medium:  3  _g  sodium  nitrate,  1  _g  potassium  monophosphate, 
0. 5  _s  potassium  chloride,  0.5  £  magnesium  sulfate,  0.015  £  ferrous  sul¬ 
fate,  50  ml  yeast  extract,  1  liter  town  water;  the  pH  of  the  medium 
need  not  be  adjusted,  being  usually  6.9-7. 0.  The  medium  is  sterilized 
at  a  temperature  of  120°  for  30  minutes.  Prior  to  inoculating  the 
medium,  sterile  40#  glucose  is  added  in  such  a  quantity  that  the  final 
glucose  concentration  in  the  medium  is  k%. 

The  optimum  pH  of  the  nutrient  media  is  slightly  acid  (6. 0-6.8). 
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DISTRIBUTION  LIST 


ORGANIZATION 

No.  Cys. 

HEADQUARTERS  USAF 

No.  Cys. 

l 

AFSC 

ARL  (ARB) 

1 

TDBDS/CIRC  Control 

1 

CIAAP-1 

1 

0 

TDBTL 

2 

TDCS 

1 

.  • 

TDBXT 

1 

j». 

TDBDP 

2 

AFSC  (SCFTC) 

1 

SSD  (SSFAR) 

2 

OTHER  AGENCIES 

TDEVA  (Capt.  Bullard) 

1 

;fmdc  (MDF'I 

1 

ATD 

2 

/  * 

.  JVL  (WLF) 

1 

CIA 

1 

l 

AMD  (AMFR) 

1 

NSA 

6 

ASD  (ASFS) 

6 

OAR 

1 

ESD  (ESY) 

1 

PWS 

1 

* 

AEC  (Tenn) 

2 

AEC  (Wash) 

1 

NASA  (ATSS-T) 

1 

RAND 

1 

FAA  (Mod  Lib) 

1 

SPECTRUM 

1 

DEPARTMENT  OF  DEFENSE 


DIA  4 

ARMY  (FSTC)  3 

NAVY  3 

DDC  20 
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